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Average bushel weights and seed per pound for the major crops grown in Pennsylvania. This is presented as a guide for determining the amount of seed required to obtain a 
desired plant population. Seed per pound will vary from year to year depending on growing conditions.

Average bushel weights and seed per pound

Crop Bushel weight (lbs) Average seed (lbs)

Grain Crops

Barley 48 13,600
Corn 56 1,450
Oat 32 12,700
Rye 56 18,080
Sorghum 56 14,000
Soybean 60 2,500
Sunflower, oilseed 27 6,000
Wheat 60 12,000

Crop Bushel weight (lbs) Average seed (lbs)

Forage Crops

Alfalfa 60 220,000
Birdsfoot trefoil 60 1,000,000
Bromegrass 14 137,000
Fescue, tall 20 226,800
Ladino clover 60 860,000
Orchardgrass 14 590,000
Red clover 60 270,000
Reed canarygrass 46 550,000
Sudan grass 40 50,000
Timothy 45 1,230,000
Vetch, hairy 60 20,000

Useful weights and measures

1 acre = 0.405 hectare
1 hectare = 2.47 acres
1 acre = 43,560 square feet
1 acre = 4840 square yards
1 bushel (dry) = 1.244 cubic feet
1 bushel (dry) = 2,150 cubic inches
1 bushel (dry) = 35.24 liters
1 bushel (dry) = 4 pecks
1 bushel (dry) = 32 quarts
1 cubic foot = 0.804 bushel
1 cubic foot = 25.714 quarts (dry)
1 cubic foot = 29.922 quarts (liquid)
1 cubic foot = 1728 cubic inches
1 cubic foot = 7.48 gallons
1 cubic inch = 16.39 cubic centimeters
1 cubic inch = 0.554 ounces (fluid)
1 cubic yard = 27 cubic feet
1 cubic yard = 46,656 cubic inches
1 cubic yard = 202 gallons
1 cubic yard = 764.5 liters

1 gallon = 3,785 cubic centimeters
1 gallon = 231 cubic inches
1 gallon = 0.1337 cubic feet
1 gallon = 3.785 liters
1 gallon = 128 fluid ounces
1 inch = 2.54 centimeters
1 kilogram = 35.274 ounces
1 kilogram = 2.205 pounds
1 liter = 33.81 ounces (fluid)
1 liter = 1.816 pints (dry)
1 liter = 2.11 pints (liquid)
1 liter = 61.025 cubic inches
1 liter = 0.264 gallons
1 meter = 39.37 inches
1 mile = 5,280 feet
1 mile = 1,760 yards
1 mile per hour = 1.467 feet per second
1 ounce (avoirdupois) = 28.349 grams
1 ounce (fluid) = 29.574 cubic centimeters  
1 ounce (fluid) = 1.805 cubic inches

1 pound = 453.59 grams
1 pound = 16 ounces
1 quart (dry) = 67.20 cubic inches
1 quart (liquid) = 57.75 cubic inches
1 rod = 16.5 feet
1 rod = 5.029 meters
1 rod = 5.5 yards
1 square foot = 144 square inches
1 square yard = 9 square feet
1 ton (short) = 907.185 kilograms
1 ton (short) = 2,000 pounds
1 ton (long) = 2,240 pounds
1 yard = 91.440 centimeters
1 yard = 3 feet

All measurements in Part 2: Pest Management are reported in English units, e.g., lbs/A. However, you may have access to some data reported in metric units. If so, the conversions 
shown below may be of interest to you.

Conversion factors for English and metric units

To convert     To convert  
column 1   column 2   
into column 2,    into column 1,  
multiply by Column 1 Column 2 multiply by
1.609 mile, mi kilometer, km 0.621
0.914 yard, yd meter, m 1.094
2.540 inch, in centimeter, cm 0.394
2.590 mile2, mi2 kilometer2, km2 0.386
0.00405 acre, A kilometer2, km2 247.1
0.405 acre, A hectare, ha (0.01 km2) 2.471
102.8 acre-inch meter3, m3 0.00973
0.2852 cubic foot, ft3 hectoliter, hl 3.532
0.352 bushel, bu hectoliter, hl 2.838
0.946 quart (liquid), qt liter, L 1.057
0.9072 ton (English), T ton (metric), T 1.102
0.00454 pound, lb quintal, q 220.5

0.454 pound, lb kilogram, kg 2.205
2.242 ton (English)/acre ton (metric)/hectare 0.446
1.121 lb/acre kg/ha 0.892
1.121 hundredweight/acre quintal/hectare 0.892
0.0703 lb/in2, psi kg/cm2 14.22
0.06895 lb/in2, psi bar 14.50
1.013 atmosphere, atm* bar 0.9869
1.033 atmosphere, atm* kg/cm2 0.9678
0.06805 lb/in2, psi atmosphere, atm* 14.70
0.555 (F-32) Fahrenheit, F Celsius, C 1.80C + 32
10.764 foot-candle, ft-c lux 0.0929

*An “atmosphere” may be specified in metric or English units.

To convert     To convert  
column 1   column 2   
into column 2,    into column 1,  
multiply by Column 1 Column 2 multiply by
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THE CLIMATE OF 
PENNSYLVANIA

Pennsylvania’s climate is highly 
affected by movements of cold air 
masses descending from the north 

and subtropical air masses moving up 
from the south. Each spring the battle is 
on with frigid air causing temperatures to 
descend below freezing, alternating with 
periods when the mercury may rise above 
80°F. Without large mountain ranges or 
water bodies surrounding the state, these 
air movements have fair play in the Com-
monwealth. Other large-scale processes 
that influence our climate are hurricanes 
developing east of the Caribbean that 
sweep across the Gulf of Mexico and 
subsequently move northeast. These air 
movements usually occur in the summer 
or early fall, pick up moisture above the 
oceans, and can dump large quantities of 
rain on parts of the state. While the move-
ments of cold and warm air fronts deter-
mine temperature and precipitation from 
fall to spring, a different process governs 
normal precipitation patterns in the sum-
mer when convectional storms are com-
mon. Solar radiation warms the surface of 
the earth, causing air to rise. The relative 
humidity of the air increases as it cools, 
until moisture condenses and precipita-
tion starts. This causes pockets of intense 
precipitation accompanied by thunder-
storms in the summer. These events are 
highly localized, causing great variation 
in precipitation from one site to the next. 
The influence of the Great Lakes is also 
worth mentioning. Distinct zones are 
affected highly by air movements coming 
across Lake Erie. These air currents pick 
up moisture over the lake, causing bands 
of high snowfall in the winter. The lake 
also moderates the temperature near its 
shore. Temperature is also affected by 
elevation, which varies from 10 to 3,123 
feet in Pennsylvania (the highest point is 
Mount Davis in Somerset County). Moun-
tain ranges such as the Alleghenies cause 
orographic effects, with higher precipi-
tation on the windward side and lower 
precipitation on the leeward side (Bed-
ford, Franklin, Huntingdon counties). 
Overall, average precipitation in Pennsyl-
vania varies from 32 to 49 inches per year. 
Average annual temperatures vary from 
43 to 56°F, with higher temperatures in 
the southeast and coldest temperatures in 
the north-central parts of the state and at 
high altitudes. The frost-free period varies 
considerably, causing large variations in 
length of growing seasons. The latest hard 

frost in spring ranges from the end of 
March around Philadelphia and in pock-
ets in Luzerne County to the beginning 
of June in sections of the Allegheny Pla-
teau. The first hard frost begins typically 
around November in the southeast, but 
around September 1 at high elevations 
and northern parts of the state. The mean 
frost-free period is therefore only 100 
days at high elevations in the Allegheny 
Mountains and on the Allegheny Plateau 
to almost 200 days in the southeast. The 
mean annual growing degree days (base 
50) accumulated vary from approximately 
1,800 to 3,600. The consequences for the 
types of crops grown in the different parts 
of the state are profound and cropping 
systems vary considerably.

Moisture stress is one of the major 
causes of yield variation in Pennsylvania. 
The differences in temperature and 
precipitation affect the water balance, 
which can be represented as P = E + T 
+ R + D, where P = precipitation (snow 
and rain), E = evaporation (moisture loss 
from soil and plant surfaces), T = tran-
spiration (moisture lost through leaves 
after uptake through roots), R = runoff, 
and D = deep drainage below root zone. 
Simulation models can help us estimate 
the moisture balance over the year. Let 
us ignore runoff and deep drainage for 
the moment and review how evaporation 
+ transpiration (ET) and precipitation 
patterns vary in three contrasting loca-
tions in Pennsylvania (Figure 1.1-1). We 
will use the 1961–1990 climate data and 
employ the Newhall Simulation Model to 
calculate ET. Precipitation in Meadville, 
northwestern Pennsylvania, averages 44 
inches, and annual potential ET is 24 
inches, resulting in an annual moisture 
surplus of 21 inches. Moisture surplus is 
almost year-round, with a deficit of 0.3 
inches in June/July. The last frost in this 
area is mid-May, while the first hard frost 
in the fall occurs early October. The grow-
ing season for summer crops is therefore 
approximately 4.5 months. Precipitation 
in Lewistown, central Pennsylvania, is 38 
inches, and potential ET is 27 inches, with 
an annual moisture surplus of 11 inches. 
Moisture deficit from June to August is 
3.7 inches. The last frost is in mid-April, 
and the first hard frost normally hits 
Lewistown in mid-October, giving it a 
growing season of about 6 months. In 
Lancaster, southeast Pennsylvania, pre-
cipitation averages 41 inches, and ET 27 
inches, resulting in a moisture surplus of 
14 inches. Moisture deficit from June to 
August is 3.8 inches. The last frost date 

in Lancaster is in mid-April, and the first 
hard frost late October, giving it a grow-
ing season of almost 6.5 months. Moisture 
deficits will clearly be a greater threat to 
crop production in the southeast than 
in the northwest, whereas the opposite 
can be expected of moisture surplus in 
the spring. How great the moisture chal-
lenges are in a particular location largely 
depends on the soil type, includes factors 
such as moisture storage capacity, depth 
to impervious layer, depth to water table 
and percolation, and are moderated by 
management practices. 

PRCP = monthly precipitation; PET = monthly potential 
evapotranspiration
Source: W. J. Waltman, E. J. Ciolkosz, M. J. Mausbach, M. D. 
Svoboda, D. A. Miller, and P. J. Kolb. Soil Climate Regimes of 
Pennsylvania (University Park: Penn State Agricultural Experi-
ment Station, 1997).

Figure 1.1-1. Average moisture balance 
for Meadville (top), Lewisburg (middle), 
and Lancaster (bottom). 
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Table 1.2-9. Plant part to be sampled, growth stage, and sufficiency levels for plant 
tissue analysis.

At least 10 subsamples of the indicated plant part(s) should be taken at the indicated growth stage to make a com-
plete sample for submission to the lab. 

Crop: Corn Corn Alfalfa Small grains Soybeans

Plant part: Whole Plant Ear leaf 
Leaves, top 33%  
of plant Uppermost leaves Uppermost full leaves

Growth stage: ~12 inches tall Silking Bud to 10% bloom Before heading
Prior to or early 
flowering

Element ---------------------------------Sufficiency range1 (percent)-------------------------------------------

Nitrogen 3.50–5.00 2.75–3.50 3.75–5.50 2.50–3.50 4.25–5.50

Phosphorus 0.30–0.50 0.25–0.50 0.25–0.70 0.20–0.40 0.25–0.50

Potassium 2.50–4.00 1.70–2.50 2.00–3.50 1.50–3.00 1.70–2.50

Calcium 0.30–0.70 0.20–1.00 1.75–3.00 0.20–1.00 0.35–2.00

Magnesium 0.15–0.45 0.20–0.60 0.30–1.00 0.15–0.60 0.25–1.00

Sulfur 0.21–0.76 0.20–0.50 0.25–0.50 0.15–0.50 0.20–0.40

------------------------------Sufficiency range1  (ppm)-------------------------------------------------

Manganese 20–300 20–150 30–100 25–150 21–150

Iron 50–250 20–250 30–250 20–250 50–350

Boron 5–25 4–25 30–250 6–25 20–50

Copper 5–20 6–20 10–30 6–25 10–30

Zinc 20–60 20–70 20–70 20–70 20–50

1.  Sufficiency range is valid only for the crop, plant part, and sampling time indicated.

ity problems and may result in potentially 
harmful P loss to the environment. Best 
management practices may be necessary 
to reduce the potential for environmen-
tal problems with P. The Pennsylvania 
Phosphorus Index (P index) can be used 
to estimate the risk of loss of excess P to 
the environment. If fields are very close 
to water (within 150 feet), have very high 
soil test levels (greater than 200 ppm P), 
are in a special protection watershed, or 
if large amounts of manure P are to be 
applied, the P Index should be used to 
estimate the risk of P loss and suggest 
management changes to protect the envi-
ronment (see The Pennsylvania Phosphorus 
Index v 2.0 for more details). 

Very high K levels in the soil can lead 
to nutrient imbalances in forage crops, 
which can cause serious health problems 
in animals. Use caution when grazing 
forage crops, especially if the soil mag-
nesium is not also in the high range. It 
may not be possible to correct these soil 
imbalances in the short term. Feed ra-
tions must be balanced accordingly. Very 
high soil test levels are often a side effect 
of using manure to supply the N needs of 
crops. Usually, when manure is applied 
to meet the N requirements of a crop, 
excess P and K will be applied. Over time, 
this can lead to very high P and K levels 
in the soil. This should be monitored with 
regular soil testing, and appropriate man-
agement action should be taken to limit 
applications in excess of crop needs, or to 
minimize the potential for negative crop, 
animal, or environmental consequences.

Starter Fertilizer
Starter fertilizer N, P, and K can be im-
portant to get a crop off to a good start, 
when planting in lower testing soils, and 
under adverse, cold, wet conditions. 
However, on optimum or higher test-
ing soils, especially as planting dates get 
later and soils warm up, the benefit from 
starter fertilizer goes down and it is not 
recommended. An N only starter is often 
adequate, even under adverse conditions, 
when soil test levels are above optimum. 
Micronutrients and secondary (Ca, Mg, 
and S) nutrients usually are not necessary 
in starter fertilizers unless you have strong 
reason to suspect nutrient deficiencies 
based on plant symptoms or analysis. The 
correct material, rate, and placement for 
starter fertilizer are critical to be effective. 
See Agronomy Facts 51: Starter Fertilizer and 
the fertilization section under each crop 
in the this guide for more details.

Table 1.2-8. Typical crop nutrient removal for phosphorus and potassium.

Crop (units)
Per unit of yield

Typical yield/A
Removal for given yield

P2O5 K2O P2O5 K2O
Corn (bu) 0.4 0.3 150 (bu)   60   45
Corn silage (T)1 4.0 8.0   25 (T) 125 275
Grain sorghum (bu) 0.6 0.8 125 (bu)   75 100
Forage sorghum (T)1 3.0 10.0   15 (T)   45 150
Sorghum/sudangrass1 7.0 7.0   15 (T) 105 105
Alfalfa (T)2,3 15.0 50.0     5 (T)   75 250
Red clover (T)2,3 15.0 40.0     3.5 (T)   55 140
Trefoil (T)2,3 15.0 40.0     3.5 (T)   55 140
Cool-season grass (T)2,3 15.0 50.0     4 (T)   60 200
Bluegrass (T)2,3 10.0 30.0     2.5 (T)   25   75
Wheat/rye (bu)4 1.0 1.8   60 (bu)   60 110
Oats (bu)4 0.9 1.5   80 (bu)   70 120
Barley (bu)4 0.6 1.5   75 (bu)   45 110
Soybeans (bu) 1.0 1.4   50 (bu)   50   70
Small grain silage (T)1 7.0 26.0     6 (T)   40 160

1.  65 percent moisture.
2. For legume-grass mixtures, use the predominant species in the mixture.
3. Dry hay equivalent, 10 percent moisture.
4. Includes straw.

Recommendation Messages
The messages and comments that accom-
pany the recommendations are important 
parts of the report (Figure 1.2-2). Im-
mediately below the amounts of nutrients 
needed are several messages specific to 
the actual results and recommendations. 
Important general comments about the re-
sults and recommendations are found on 
the back of the report. These comments 

and the material enclosed with the report 
are all part of the recommendation.

Additional Results
Test levels for calcium (Ca) and ex-
changeable acidity, and optional tests 
for organic matter, nitrate nitrogen, and 
soluble salts are provided in this section. 
Also included here are calculated values 
for the soil cation exchange capacity 
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Seeding Method
Mixtures are seeded either in spring or in 
late summer, depending on the mixture’s 
components. Seeding in a prepared seed-
bed with a conventional drill has provided 
excellent establishment. Broadcast seed-
ing is not recommended. Seeding rate 
varies with mixtures.

Harvesting
A few annual legume and grass mix-
tures can be grazed, but most achieve 
maximum productivity when harvested 
as silage. Harvesting usually is done when 
the grass in the mixture is between the 
boot and early head stages. Delays in 
harvesting reduce forage quality and offer 
limited increases in yield.

FORAGE SELECTION AND 
SEEDING RATES
Choosing the proper forage species for a 
pure stand or a mixture depends on how 
it adapts to various soil characteristics and 
how it is to be used. Table 1.8-3 gives char-
acteristics of the more important peren-
nial forages grown in Pennsylvania.

Highest-quality forage is achieved when 
all species and varieties are harvested at 
the recommended stages of maturity. A 
spread in forage harvest season can be 
obtained by a proper choice of species 
and varieties with the desired differences 
in maturation time. Relative maturities 
for the first cutting of several species and 
varieties are given in Table 1.8-4. Actual 
dates vary from year to year and location 
to location. When making up mixtures, 
choose species and varieties that mature 
at approximately the same time.

Suggested Forage Mixtures and 
Seeding Rates
In Table 1.8-5, each forage species and 
mixture has been given an identification 
number; recommended seeding rates for 
pure seedings and mixtures are provided. 
(No-till forage seedings can be reduced 
20 percent.) The numbered forages and 
forage mixtures have been classified by 
soil drainage characteristics and forage 
use.

NO-TILL FORAGE SEEDING 
Minimum or no-tillage establishment of 
forage crops is being practiced successful-
ly on many Pennsylvania farms. Advantag-
es include fewer soil and moisture losses, 
lowered fuel and labor requirements, 
seeding on an already firm seedbed, and 
much less time spent in stone removal. 
Research results from a 2-year fuel con-
sumption study conducted at Penn State 
indicate that conventional seeding of 
alfalfa requires about 6 gallons of diesel 
fuel per acre, whereas no-till seeding 
requires less than 1 gallon. This, along 
with other factors, represents a significant 
energy savings.

At first, no-till forage seeding was done 
to establish or reestablish a forage species 
or combination of species into already 
existing grass or grass-legume swards. 
More recently, no-till forage establish-
ment following various row crops has al-
lowed growers to take advantage of weed 
and pest control techniques normally 
provided by a sound crop rotation or an 
economical cropping system.

All forage species can be seeded no-
till. No-tillage seedings of red clover have 
been the most successful, but alfalfa, 
birdsfoot trefoil, and crownvetch also can 
be seeded alone or with a forage grass. 
With no-till, perennial forage grass spe-
cies can be seeded alone. Annual crops 
used for forage, such as summer-annual 
grasses, small grains, and brassica crops, 
also can be no-tilled.

The choice of varieties is the same for 
both conventional and no-tillage tech-
niques.

Fertilization
Use a soil test to determine lime and fer-
tilizer needs for any no-till forage seeding. 
Note that the Penn State soil test informa-
tion sheet contains a separate crop cat-
egory for no-till forage seedings.

For seedings made in an old sod, take 
soil samples to a 2-inch depth to deter-

Table 1.8-4. Relative maturity of several perennial forage species and varieties.

The beginning of a bar indicates relative time of maturity for earliest growing zones in the state. Bar length indicates 
the range in time of maturity over different growing zones in the state. When making up mixtures, choose species and 
varieties that mature at approximately the same time.

Relative maturity

Species and varieties Early Late

Alfalfa

Early maturing varieties

Late maturing varieties

Red clover

All varieties

Birdsfoot trefoil

Early maturing varieties

Intermediate-maturing varieties

Late maturing varieties

Crownvetch

Bromegrass

Saratoga Baylor

Orchardgrass

Early maturing varieties

Late maturing varieties

Reed canarygrass

All varieties

Tall fescue

All varieties

Timothy

Early maturing varieties

Late maturing varieties

Perennial ryegrass

Early maturing varieties

Intermediate-maturing varieties

Late maturing varieties
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Herbicide-Resistant Crops
Herbicide-resistant crops are available 
for use in crop production systems. Corn, 
soybean, sorghum, alfalfa, and canola 
varieties are currently the key agronomic 
crops with herbicide resistance that can 
be grown in the Northeast. Herbicide 
resistance in crops results from two differ-
ent procedures: tolerance selection and 
genetic engineering techniques. Toler-
ance selection involves selecting naturally 
occurring herbicide-tolerant cells from a 
particular crop cultivar or cell culture and 
incorporating them into crop varieties and 
hybrids using traditional breeding tech-
niques. Genetically engineering herbicide-
resistant plants involves transferring a gene 
with a certain trait from one organism 
to another (e.g., from bacteria to plant) 
using complex technology (also called a 
GMO). The transferred genetic trait(s) is 
then incorporated into crop varieties using 
breeding techniques. (The same genetic 
engineering technology is used to create 
crop protection to insect pests—e.g., Bt 
corn.) Several crop protection chemical 
companies and seed companies are in-
volved in developing and marketing these 
crops. Following is a brief summary of 
the herbicide-resistant corn and soybean 
varieties currently available or soon to be 
released. See the corn and soybean chap-
ters of this guide for detailed information 
on herbicide use for these crops.

Clearfield (CL) corn is non-GMO that was 
developed by tolerance selection to be 
resistant/tolerant to imidazolinone her-
bicides (e.g., Pursuit, Scepter). Although 
these hybrids initially were introduced to 
help manage herbicide carryover, Pursuit 
and Pursuit-containing products such as 
Lightning can be applied directly to the 
CL corn hybrids as part of the weed man-
agement program. 

Enlist corn and soybean are genetically 
engineered (GMOs) to resist 2,4-D. In 
addition to 2,4-D resistance, Enlist corn 
is resistant to the aryoxyphenoxy-propio-
nate herbicides (fops), such as Fusilade 
and Assure. Enlist corn and soybean are 
also stacked with Roundup Ready and 
LibertyLink traits. A new low-volatility 2,4-
D formulation (2,4-D choline or Colex-D) 
has been developed for use with this tech-
nology. Enlist corn should be available for 
the first time in 2018, with Enlist soybean 
becoming available sometime thereafter. 

Inzen Z herbicide-tolerant sorghum is a 
non-GMO trait that provides tolerance to 

certain Group 2 or ALS-inhibitor herbi-
cides. Nicosulfuron (Zest) from DuPont is 
the product that will be co-marketed with 
Inzen Z sorghum.

LibertyLink (LL) corn and soybean are 
genetically engineered (GMOs) to allow 
over-the-top applications of Liberty (glu-
fosinate) herbicide. This program should 
provide broad-spectrum control of annual 
broadleaves and grasses of low to moder-
ate pressure. Sequential applications or 
tank mixtures may be required for new 
weed flushes and perennials.

Roundup Ready alfalfa, corn, canola, and 
soybean were developed using genetic 
engineering techniques (GMOs). They 
have an altered target site not sensitive to 
glyphosate and allow postemergence ap-
plications of glyphosate directly to alfalfa, 
corn, canola, and soybean. Glyphosate-re-
sistant weeds are becoming an increasing 
issue in Roundup Ready crops.

The STS and BOLT soybean/herbicide 
systems enhance crop safety from certain 
sulfonylurea herbicides such as thifen-
sulfuron and chlorimuron. STS is a non-
GMO, but Bolt also includes the GMO 
glyphosate-resistant trait. Although these 
varieties were developed to be used in 
combination with STS-labeled herbicides, 
they also provide greater safety from 
many of the ALS-type herbicides. The 
BOLT Herbicide-Tolerant trait provides 
enhanced tolerance to additional herbi-
cides such as rimsulfuron (Basis Blend).

Xtend soybean were introduced for the 
first time in 2017. These soybean are 
genetically engineered (GMOs) to allow 
preemergence and over-the-top applica-
tion of dicamba. Xtend soybean are also 
Roundup Ready. Three different dicamba 
products (Engenia, XtendiMax/FeXa-
pan) specially formulated for reduced 
drift are labeled for Xtend soybean. All 
other dicamba products are not allowed. 
In addition, a number of stewardship 
guidelines are required, including using 
low-drift nozzles, at least 10 GPA car-
rier, and making applications only when 
certain environmental conditions exist 
to reduce the potential for off-site move-
ment. In the Mid-Atlantic region, this 
technology is best suited for burndown 
application in no-till for control of winter 
annual weeds, including horseweed/
marestail. Over-the-top application and 
use in double-crop soybean is not encour-
aged due to greater concern for off-target 
movement.

Herbicide-Resistant Weeds
A number of weed species that once were 
susceptible to and easily managed by cer-
tain herbicides have developed resistance. 
These weeds are no longer controlled by 
applications of previously effective herbi-
cides. As a result of repeated use of a cer-
tain type of herbicide on the same land, 
many different species of weeds have 
developed resistance to these chemicals. 
Globally, resistance has developed in all 
herbicide modes of action in about 250 
weed species and the number of species 
continues to increase each year. (More in-
formation about herbicide-resistant weeds 
and herbicide modes of action can be 
found at weedscience.org.) It is believed 
that within any population of weeds, a 
few plants have sufficient tolerance to 
survive any herbicide that is used. Since 
only the survivors can produce seed, it is 
only a matter of time until the population 
of resistant weeds (or biotypes) outnum-
bers the susceptible type. Depending on 
the herbicide family and weed species, 
resistance can occur within 5 to 20 years. 
Reasons or mechanisms for resistance 
vary depending on the herbicide family. 
Resistant biotypes may have slight struc-
tural or biochemical differences at the 
cellular level from their susceptible coun-
terparts that make them less sensitive to 
certain herbicides, and therefore they are 
not killed. Regardless of the mechanism 
for resistance, becoming familiar with 
the herbicide mode of action can help 
when designing programs that prevent 
the introduction and spread of herbicide-
resistant weeds.

Growers, consultants, and those work-
ing with herbicides to manage weeds 
should know which herbicides are best 
suited to combat specific resistant weeds. 
The Weed Science Society of America 
(WSSA) developed a grouping system to 
help with this process. Herbicides that 
are classified as the same WSSA group 
number kill weeds using the same mode 
of action. Therefore, choose a combina-
tion of different herbicide modes of ac-
tion that each contribute to the control 
of the target weeds. In other words, make 
sure to have at least two unique modes of 
action that are effective against the same 
weed during the season whether in tank 
mixtures or sequential applications. Try 
to avoid using the same products and 
herbicide mode of action every year. This 
is especially important on weeds that are 
typically prone to resistance such as pig-
weed species, common lambsquarters and 

(continued from p. 193)

http://weedscience.org
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(continued)

Table 2.1-12. Corn herbicide half-lives and their potential to injure fall-established cover crops.

This table does not directly address preharvest establishment of cover crops such as interseeding or aerial seeding, which may be more restrictive.

Trade Name Common Name Normal Rate/Acre
Half-Life 
(days)1

Fall-established Cover Crops
Other

OK to Plant Concern For

2,4-D 4S 2,4-D 1–2	pt 7 All grasses Wait 30 days before planting sensitive 
broadleaves

Amine formulations more water 
soluble and can leach into seed 
zone

Accent 75DF/
Steadfast75DF

nicosulfuron/
nicosulfuron + 
rimsulfuron

0.66 oz/0.75 oz 21 Fall cereal grains, 
ryegrass

Small-seeded legumes, mustards, 
sorghum2

More persistent in high pH 
soils	(>7)

Armezon/Impact 
2.8SC

topramezone 0.75 fl oz 14 Wheat, barley, oats, and 
rye are allowed after 3 
months; ryegrass should 
also be OK

Although many broadleaves are 
restricted, Impact does not have much 
soil activity

We have not seen this herbicide 
carry over in the Mid-Atlantic 
region

Atrazine 4L atrazine 1–2	qt 15–90 Sorghum species Cereals, ryegrass, legumes, and 
mustards

More persistent in high pH soils 
(>7);	rates	<	1	lb/acre	can	
allow more flexibility; half-life 
in the Mid-Atlantic probably 
closer to 30

Balance Pro 4L/
Balance Flexx 2L 
(Prequel	also	con-
tains	isoxaflutole)

isoxaflutole 3 fl oz/6 fl oz 50–120 Fall cereals grains Ryegrass,	legumes,	and	mustards 15 inches of cumulative pre-
cipitation required from applica-
tion to planting rotation crops 
except soybean, barely, wheat, 
sorghum, and sunflower

Callisto	4L	(includes	
Acuron, Acuron 
Flexi, Halex GT, Har-
ness Max, Instigate, 
Lexar, Lumax, 
Resicore,	Revulin,	
Solstice, Zemax, 
etc.)

mesotrione 3–6	fl	oz 10–50 All grasses Small-seeded legumes, mustards Sequential	applications	(PRE	
fb	POST)	increase	the	potential	
for	injury

Capreno 3.45SC tembotrione + 
thiencarbazone

3 fl oz 15 Wheat, triticale, rye Small-seeded legumes, mustards, 
sorghum

15 inches of cumulative 
precipitation required from 
application to planting rotation 
crops except wheat

Clarity/Banvel 4S 
(DiFlexx,	Distinct,	
Engenia, Status, 
XtendiMax/FeXa-
pan)

dicamba 16–24	fl	oz 5–14 All Only at high rates or less than 120 
days after application

Anything can be planted after 
120 days with 24 fl oz/acre 
or less

Corvus 2.63SC isoxaflutole + 
thiencarbazone

5.6 fl oz 50–120 Wheat, triticale, rye Small-seeded legumes, mustards, 
sorghum

15 to 30 inches of cumulative 
precipitation from application to 
planting for sensitive crops

Dual II Mag 7.62E/
Cinch

metolachlor 1.67 pt 15–50 Cereal grains, legumes Annual ryegrass or other small-seeded 
grasses

Higher rates and later ap-
plications more of a potential 
problem

Glyphosate 4L glyphosate 0.75–1.25	lb	ae 473 All None Glyphosate does not have soil 
activity at normal use rates

Gramoxone 2S paraquat 2 pt 1,0003 All None Paraquat does not have soil 
activity at normal use rates

Harmony 50WDG thifensulfuron 1⁄ 8 oz 12 No restrictions for wheat, 
barley, and oats

None with 45-day waiting interval Harmony Extra also contains 
tribenuron 

Harness 7E 
(Degree,	Surpass,	
Warrant)

acetochlor 2 pt 10–20 Most crops should be 
fine

Food or feed residues rather than crop 
injury	may	be	a	concern

Nonfood/feed winter cover 
crops are allowed after corn 
harvest

Laudis 3.5SC 
(DiFlexx	Duo)

tembotrione 3 fl oz 14 Cereal grains after 4 
months

Unknown; small-seeded legumes, 
mustards could be a problem

Other crops may be seeded 
after	a	successful	field	bioassay

Liberty 2.34L glufosinate 22–36	fl	oz 73 All Food or feed residues rather than crop 
injury	may	be	a	concern

Glufosinate does not have soil 
activity at normal use rates

Metribuzin 75DF 
(Sencor)

metribuzin 0.33 lb ai 14–60 Cereal grains and 
ryegrass

Slight risk for small-seeded legumes 
and mustards

Nonfood/feed winter cover 
crops allowed
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(continued)

Outlook	6E	(Arme-
zon	Pro)

dimethenamid-P 16 fl oz 20 Most crops should be 
fine

Food or feed residues rather than crop 
injury	may	be	a	concern

Nonfood/feed winter cover 
crops should be OK after corn 
harvest

Peak	57WG	(and	
Spirit)

prosulfuron 1 oz 9–152 Cereal grains and sor-
ghum are labeled, other 
grasses 

Small-seeded legumes, mustards More persistent in high pH 
soils	(>7)

Permit/Sandea 
75DF

halosulfuron 2⁄ 3 oz 9–27 Cereal grains and 
sorghum after 2 mo. and 
other grasses

Small-seeded legumes, mustards Halosulfuron also an ingredient 
in	Yukon

Prowl H2O 3.8CS pendimethalin 3 pt 44 Cereal grains Small-seeded legumes and annual 
ryegrass 

We have not seen this herbicide 
carry over in the Mid-Atlantic; 
nonfood/feed winter cover 
crops should be OK

Python 80WDG 
(Hornet	and	Sure-
Start)

flumetsulam 1 oz 14–120 Cereal grains Small-seeded legumes, mustards, and 
annual ryegrass

Cover crops and forage grasses 
are restricted for 9 months

Resolve	25DF	
(Resolve	Q)

rimsulfuron 2 oz 2–4 Based on the short 
half-life, most fall cover 
crops should be OK in 
the Mid-Atlantic

None More persistent in drought 
conditions

Sharpen 2.85SC 
(Verdict)

saflufenacil 3 fl oz 7–35 All None This product has been reported 
more persistent in western 
Canada

Simazine 4L 
(Princep)

simazine 1–2	qt 60 Sorghum species Cereals, ryegrass, legumes, and 
mustards

Soil pH >7

Stinger	3S	(Hornet,	
Resicore,	SureStart)

clopyralid 5 oz 40 All grasses Small-seeded legumes

Zidua	(Anthem) pyroxasulfone 2.5 oz 20 Most crops should be 
fine

Food or feed residues rather than crop 
injury	may	be	a	concern

Nonfood/feed winter cover 
crops should be OK after corn 
harvest

1. The	herbicide	half-life	is	defined	as	the	time	it	takes	for	50	percent	of	the	herbicide	active	ingredient	to	dissipate.	See	the	“Managing	Herbicides”	section	for	additional	information.	Herbicide	half-life	
estimates are derived for the WSSA Herbicide Handbook	and	other	scientific	literature.

2. Common small-seeded legumes include alfalfa, clovers, and hairy vetch.
3. This herbicide does not have soil residual activity at normal application rates.

Table 2.1-12. Corn herbicide half-lives and their potential to injure fall-established cover crops (continued).

Trade Name Common Name Normal Rate/Acre
Half-Life 
(days)1

Fall-established Cover Crops
Other

OK to Plant Concern For

Table 2.1-13. Soybean herbicide half-lives and their potential to injure fall-established cover crops.

This table does not directly address preharvest establishment of cover crops such as interseeding or aerial seeding, which may be more restrictive.

Trade Name Common Name Normal Rate/Acre
Half-Life  
(days)1

Fall-Established Cover Crops
Other

OK to Plant Concern For
2,4-D 4S 2,4-D 1–2	pt 7 All grasses Wait 30 days before planting sensi-

tive broadleaves
Amine formulations more water 
soluble and can leach into 
seed zone

Assure II/Targa 
0.88E

Quizalofop 8 oz 60 Most broadleaves All grasses if less than 120 days or 
at high rates

Plant anything after 120 days

Authority 75DF 
(Authority	First,	
BroadAxe, Sonic, 
Spartan)

Sulfentrazone 4 oz 32–302 Cereals and ryegrass Small-seeded legumes, mustards, 
sorghum2

Labeled on tobacco, sunflow-
ers, transplanted tomato

Classic 25DF 
(Authority	XL,	
Canopy, Envive, 
Fierce, Fierce 
XLT, Synchrony, 
Trivence, Valor XLT, 
etc.)

Chlorimuron 0.5–2	oz 40 Cereals and ryegrass Small-seeded legumes, mustards, 
sorghum

More persistent in high-pH 
soils	(>7)	and	with	higher	soil	
applied rates
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Table 2.1-13. Soybean herbicide half-lives and their potential to injure fall-established cover crops (continued).

Dual II Magnum 
7.62E/Cinch

Metolachlor 1.67 pt 15–50 Cereal grains, legumes Annual ryegrass or other small-
seeded grasses

Higher rates and later ap-
plications more of a potential 
problem

FirstRate	84WDG	
(Authority	First,	
Sonic)

Cloransulam 0.3 to 0.6 oz 8–33 Wheat, triticale, rye Small-seeded legumes, mustards, 
sorghum

The restriction for transplanted 
tobacco is 10 months for 0.3 
ounce per acre; sugarbeet and 
sunflower have a 30-month 
restriction

Glyphosate 4L Glyphosate 0.75–1.25	lb	ae 473 All None Glyphosate does not have soil 
activity at normal use rates

Gramoxone 2S Paraquat 2 pt 1,0003 All None Paraquat does not have soil 
activity at normal use rates

Harmony 50WDG Thifensulfuron 1⁄ 8 oz 12 No restrictions for wheat, 
barley, and oats

None with 45-day waiting interval Harmony Extra also contains 
tribenuron 

Liberty 2.34L Glufosinate 22–36	fl	oz 73 All Food or feed residues rather than 
crop	injury	may	be	a	concern

Glufosinate does not have soil 
activity at normal use rates

Metribuzin 75DF 
(Sencor)

Metribuzin 0.33 lb ai 14–60 Cereal grains and 
ryegrass

Slight risk for small-seeded legumes 
and mustards

Nonfood/feed winter cover 
crops allowed

Outlook	6E	(Verdict) Dimethenamid-P 16 fl oz 20 Most crops should be 
fine

Food or feed residues rather than 
crop	injury	may	be	a	concern

Nonfood/feed winter cover 
crops should be OK after corn 
harvest

Prowl H2O 3.8CS Pendimethalin 3 pt 44 Cereal grains Small-seeded legumes and annual 
ryegrass 

We have not seen this 
herbicide carry over in the Mid-
Atlantic; nonfood/feed winter 
cover crops should be OK

Pursuit	2S	(Author-
ity Assist, Optill, 
Zidua	Pro)

Imazethapyr 4 fl oz 60–90 Wheat, triticale, rye, 
alfalfa, clover

Oats, sorghum, mustards Any crop can be planted 40 
months after Pursuit applica-
tion

Python 80WDG Flumetsulam 1 oz 14–120 Cereal grains Small-seeded legumes, mustards, 
and annual ryegrass

Cover crops and forage grasses 
are restricted for 9 months

Raptor	1E Imazamox 5 fl oz 20–30 Wheat, triticale, rye, 
alfalfa, clovers

Slight risk for mustards Most cash crops allowed 9 
months following application

Reflex	2E/Flexstar	
1.88E	(Warrant	
Ultra)

Fomesafen 1.5 pt 100 Cereal grains Small-seeded legumes, mustards, 
sorghum

Since fomesafen is often 
applied postemergence, soil 
activity can surprise users

Scepter 1.5AS Imazaquin 0.66 pt 60–90 Cereal grains Small-seeded legumes, mustards Carryover much more of a risk 
with drought

Select 2E Clethodim 10 oz 3 All broadleaves None assuming at least 30 days Plant anything after 30 days
Sharpen 2.85SC 
(Optill,	Verdict,	
Zidua	Pro)

Saflufenacil 3 fl oz 7–35 All None This product has been reported 
more persistent in western 
Canada

Valor	51WDG	(Af-
foria, Envive, Fierce, 
Surveil, Trivence, 
Valor	XLT,	etc.)

Flumioxazin 2.5 oz 12–20 All grasses Small-seeded legumes and mustards Based on the half-life, all non-
food/feed winter cover crops 
should be OK

Warrant Acetochlor 2 pt 10–20 Most crops should be 
fine

Food or feed residues rather than 
crop	injury	may	be	a	concern

Nonfood/feed winter cover 
crops are allowed after corn 
harvest

Zidua	(Fierce,	
Anthem,	etc.)

Pyroxasulfone 2.5 oz 20 Most crops should be 
fine

Food or feed residues rather than 
crop	injury	may	be	a	concern

Nonfood/feed winter cover 
crops should be OK after corn 
harvest

1. The	herbicide	half-life	is	defined	as	the	time	it	takes	for	50	percent	of	the	herbicide	active	ingredient	to	dissipate.	See	the	“Managing	Herbicides”	section	for	additional	information.	Herbicide	half-life	
estimates are derived for the WSSA Herbicide Handbook	and	other	scientific	literature.

2. Common small-seeded legumes include alfalfa, clovers, and hairy vetch.
3. This herbicide does not have soil residual activity at normal application rates.

Trade Name Common Name Normal Rate/Acre
Half-Life  
(days)1

Fall-Established Cover Crops
Other

OK to Plant Concern For
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ragweed, horseweed, and foxtail species. 
WSSA group numbers can be found on 
many herbicide product labels and used 
as a tool to choose herbicides in differ-
ent mode of action groups so mixtures 
or rotations of active ingredients can be 
planned to better manage weeds and 
resistant species. Keep in mind that many 
products contain similar active ingredi-
ents even though the products may have 
different trade or brand names. Using a 
different product or brand does not guar-
antee that you are selecting a different 
herbicide mode of action. Refer to Table 
2.1-7 for herbicide—or WSSA—mode of 
action group numbers and correspond-
ing herbicides. Other resources, such as 
university pest guides or recommenda-
tions, can provide effectiveness ratings of 
numerous herbicides on many different 
weed species to help with this process of 
developing appropriate weed manage-
ment programs. 

Dependence on a single strategy or 
herbicide family for managing weeds 
will increase the likelihood of additional 
herbicide resistance problems in the 
future. Management programs to combat 
herbicide resistance should emphasize an 
integrated approach. Some management 
guidelines for an integrated approach 
include using herbicide tank mixtures 
containing more than one herbicide 
mode of action that are active on similar 
weeds, shorter residual herbicides, crop 
rotations that allow for application of 
different herbicide classes, judicious and 
noncontinuous use of herbicide-resistant 
crops in a rotation, nonchemical control 
measures, and combinations of weed 
management techniques such as avoiding 
spreading resistant weed seed with ma-
chinery or in manure and ensiling to help 
destroy weed-seed-infested forage. 

Reducing the risk for developing herbi-
cide-resistant weed populations requires 
incorporating a number of guidelines in 
managing your fields, including: 
•	 Spray	only	when	necessary

•	 Use	alternative	methods	of	control	
whenever possible such as mechanical 
cultivation or delayed planting (row 
crops), mowing (forage crops), and 
using weed-free crop seeds

•	 Rotate	crops	and	their	accompanying	
herbicides’ site of action

•	 Limit	number	of	applications	of	
herbicide(s) with same site of action in 
a given growing season

•	 Use	mixtures	or	sequential	herbicide	

Table 2.1-14. Weed species prone to resistance and of concern in the Mid-Atlantic 
region.

WSSA Site of Action Numbering

1 2 3 4 5 7 9 10 14 15 22 27

Broadleaf Species

Chickweed,  
Common

Horseweed/Marestail

Lambsquarters, 
Common

Pigweed	(Amaranth),	
Palmer

Pigweed,	Redroot/
Smooth

Pigweed, waterhemp

Ragweed,	 
Common

Ragweed,	Giant

Grass Species

Barnyardgrass

Foxtail, Giant

Goosegrass

Johnsongrass

Ryegrass,	 
Annual/Italian

Shattercane

treatments having different sites of 
action that will control the weeds of 
concern

•	 Scout	fields	after	herbicide	application	
to detect weed escapes or shifts (Table 
2.1-14)

•	 Clean	equipment	before	leaving	fields	
infested with or suspected to have resis-
tant weeds

•	 Spray	when	wind	speed	is	low	(less	than	
10 mph) or when the wind is blowing 
away from areas that should not be 
contaminated

•	 Use	higher	spray	volumes	during	appli-
cations (e.g., 20 to 30 gallons per acre 
versus 5 to 10 gallons per acre)

•	 Spray	during	the	early	morning	or	
evening hours when there is usually less 
wind

•	 Leave	border	areas	unsprayed	if	they	
are near sensitive crops

INSECT MANAGEMENT
Successful insect pest management must 
be based on knowing (1) what insect spe-
cies are likely to be pests; (2) when these 

species are usually active; (3) whether 
these insect species are present in your 
fields; and (4) whether these insects are 
occurring in economically damaging 
populations. The first two items can be 
learned from variety of sources, including 
this guide, other extension publications, 
fellow agricultural workers, and on-farm 
experience. However, growers must keep 
in mind that insect populations are dy-
namic, changing with time—just because 
an insect species was problematic last 
year does not mean it will be problem-
atic again. The same rationale applies 
to historically relevant pest species. For 
example, in recent years populations of 
European corn borer, which historically 
has caused significant yield loss in Penn-
sylvania corn fields, appear to be near 
historic lows, possibly due to widespread 
adoption of transgenic Bt varieties. Thus, 
conventional wisdom for managing par-
ticular pest species needs to be revised 
when the populations decrease substan-
tially. Search for the most current infor-
mation on particular pest species and call 
your extension office if you cannot find 
the information you seek. The latter two 
items (pest presence and population size) 
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can only be learned by walking fields, 
inspecting crop plants, and sampling for 
insects and/or their damage.

Scouting for insect pests and their dam-
age is a vital part of an integrated pest 
management (IPM) program and is usu-
ally the only way to determine whether an 
economically damaging population of an 
insect pest species is present. The main 
goal of IPM is keeping pest populations be-
low an economically important level (see 
Figure 2.1-3 and associated text); there-
fore, failing to regularly assess pest levels 
could cause you to miss an opportunity to 
treat an infestation and keep it below the 
economic injury level. Conversely, basing 
treatments on a calendar, gut feeling, or 
the potential of a threat could lead to un-
necessary treatments.

Besides wasting time and money, un-
necessary insecticide applications can 
have detrimental side effects, particularly 
the killing of beneficial insect species. For 
example, pollinators of different types 
(e.g., honey bees, bumble bees, butterflies, 
flower-visiting flies) can be abundant in 
agricultural fields, particularly when soy-
bean, alfalfa, and clover are in bloom, but 
generally speaking any time pollen is avail-
able. Unfortunately, these flower-visiting 
insect species tend to be more sensitive 
to many insecticides than the insect pest 
species themselves and are easily killed by 
unnecessary or poorly timed insecticide 
applications. (Most insecticides are highly 
toxic to bees, as stated on the label, but 
other beneficial insects are often similarly 
susceptible.)

Unnecessary applications, such as insur-
ance sprays or unjustified tank-mixes of 
insecticides with other agricultural chemi-
cals, can be particularly hard on insect 
predators and parasitoids, which can pro-
vide important levels of natural control. 
Killing these valuable natural enemies 
can lead to outbreaks of secondary pests, 
which are typically kept in check by these 
natural control agents, or even promote 
a resurgence of the target pest species be-
cause populations of plant-feeding insects 
tend to recover from insecticide applica-
tions more quickly than natural enemy 
populations.

Some crop species (e.g., soybean and 
alfalfa) can harbor large populations of 
natural enemies, but using a variety of 
IPM tactics can also promote predators 
and parasitoids in agricultural settings. 
Woodlots, meadows, conservation lands, 
and field borders with a diversity of plant 
species can support large natural enemy 
populations that will move into adjacent 

agricultural fields. Of course, these areas 
can also harbor pest species (e.g., bean 
leaf beetles, cutworms, groundhogs), so 
their benefits need to be evaluated, but 
university-based research has documented 
that on-balance these habitats are ben-
eficial. Similarly, research in England has 
shown that strips of natural vegetation in 
agricultural fields (i.e., “beetle banks”) can 
significantly contribute to natural enemy 
populations, which can kill plant-feeding 
insects and even consume weed seeds. 
Natural enemy-populations can also be 
bolstered by agronomic practices such as 
reduced tillage and cover crops, which 
minimize disturbance and provide hospita-
ble habitats for predators and parasitoids. 

Natural enemies can also be conserved 
by insecticide selection and usage. Some 
insecticides can have a small negative 
influence on predators and parasitoids 
when compared to the target pest (e.g., 
Bt, seed treatments, insect growth regula-
tors, azadirachtin, spinosad). Using lower 
rates of insecticides can also be useful, 
decreasing the impact the chemicals have 
on “good” insects. Lastly, timing of ap-
plications can reduce their severity. For 
example, many pollinators and natural 
enemies are often more active in the 
morning. Therefore, applications later in 
the day can help conserve these beneficial 
insect species.

DISEASE MANAGEMENT
Successful disease management should 
start with cultural practices, and chemi-
cals should be used only as needed. Best 
management practices that help reduce 
disease occurrence and severity include 
using hybrids or varieties with genetic 
resistance to common diseases, certified 
seed, crop rotation, residue manage-
ment, soil fertility, proper drainage, and 
good sanitation. Though the use of these 
practices will not control all diseases, 
their combined effects will help minimize 
many of the yield-limiting diseases.

The use of genetically resistant hybrids 
or varieties can help manage diseases that 
are known to occur. Many disease resis-
tance genes confer more than one trait 
to the plant that can withstand changes 
in pathogen populations and ensure 
some protection from yield loss. In some 
cases, the disease resistance was based on 
a single gene and changes in pathogen 
populations resulted in catastrophic fail-
ures (e.g., the Irish potato famine due to 
late blight in the 1840s, wheat stem rust 
in 1917, and corn hybrids carrying T-cy-

toplasms in 1970–1971 by southern corn 
leaf blight). History may again repeat 
itself if the UG99 strain of wheat stem rust 
makes it to the United States. Currently, 
UG99 has overcome the defensive genes 
of about 90 percent of the wheat planted 
around the world, with fungicide applica-
tion being the only method of controlling 
this yield-limiting disease until resistance 
can be found.

Since many diseases can be spread by 
seed, the use of certified seed has re-
duced the introduction of diseases. Many 
pathogens of field crops can survive the 
off season, or overwinter, on infected 
crop debris (stalks, leaves, and/or roots). 
The use of crop rotation from a suscep-
tible host to nonsusceptible crops allows 
time for normal competition from the en-
vironment and other microbes to reduce 
the pathogen population (corn to soy-
beans to wheat versus continuous corn). 
The use of residue management, whether 
complete tillage, light disking, or vertical 
tillage, that helps get crop residue to the 
soil surface increases the decomposition 
rate and reduces inoculum levels. 

Soil fertility directly affects plant growth 
and development as well as host defenses. 
Plants that are under nutritional stress or 
imbalance are more likely to be affected 
by diseases; therefore, regular soil test-
ing is advised to maintain adequate soil 
fertility. Excessive nitrogen application 
can also increase disease development by 
causing a flush of lush growth, increasing 
canopy humidity, and growing faster than 
plant defenses can develop. 

Available water and high humidity 
are two very important factors in disease 
development. Areas of compaction, such 
as head rows where trucks or wagons have 
been parked, can lead to poor drainage. 
These areas can be hot spots for seedling 
and root diseases. Wet spots or areas of 
standing water during the spring or fall 
are indications of poor soil drainage and 
are likely areas for disease development. 
Fields in valleys, near rivers, or near 
woods can often have fog or longer dura-
tions of dew and high humidity. These 
can be places where diseases will start 
since available water is essential for dis-
ease development. Although we cannot 
control the environment, the choice of 
resistant hybrids or varieties and row spac-
ing (wider rows reduce canopy humidity) 
may help reduce disease severity. 

Good sanitation practices can help 
prevent the spread of disease issues from 
one field to another. Soilborne pathogens 
such as the fungi that cause white mold 
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and soybean sudden death syndrome can 
be moved by tillage and other field opera-
tions to previously uninfested areas. Once 
proper diagnosis is made of one of these 
soilborne diseases, care should be taken 
to be sure that equipment is cleaned 
before moving on to another field.

Fungicides and Fungicide 
Resistance 
Fungicides are very useful tools when 
necessary. Often, low levels of disease 
never reach an economic threshold to 
warrant application, but under certain 
situations chemicals are necessary. The 
main concern with fungicide application 
is the development of resistance or toler-
ance to a chemical group. Due to the 
quick reproduction of most plant disease-
causing agents, there is a high likelihood 
of resistance occurring if chemical use is 
widespread. 

Many of the older formulations of 
fungicides relied on multiple modes of 
action. A product such as sulfur (FRAC 
Group M), whose mode of action is not 
well understood, has been used since 
roughly 1000 bc to control wheat rust 
and other foliar diseases. Copper (FRAC 
Group M) has been used as both a fun-
gicide and bactericide since 1807 and is 
known to have multiple modes of action. 
The chloronitriles, a group that includes 
Chlorothalonil (Bravo, Echo, Equus), are 
broad-spectrum contact fungicides with 
multiple modes of action. The multiple 
modes of action have reduced the likeli-
hood of fungi gaining resistance. 

Strobilurins (FRAC Group 11) are a 
group of site-specific (i.e., targeting one 
enzyme in the mitochondrial metabolic 
pathway) fungicides that were originally 
derived from a wood-rotting fungus found 
to defend itself against other fungi. These 
chemicals are considered preventative 
fungicides that have the ability to control 
a diverse array of fungal diseases in many 
crops. Although considered locally sys-
temic, these products are not as systemic 
as Roundup (which moves throughout 
the plant to the roots). Strobilurins are of-
ten able to move translaminar (from one 
side of the leaf to the other) or spread 
throughout the leaf. Strobilurins are 
very effective fungicides, and strobilurin-
resistant fungal isolates have been found 
in the field setting. 

Triazoles (FRAC Group 3) are also 
a group of site-specific fungicides that 
target one enzyme in the ergosterol path-
way, an essential pathway in many fungal 

Table 2.1-15. Fungicide modes of action.

FRAC Group Mode of Action Chemical Family (Group) Active Ingredients 
1 mitosis and cell division benzimidazoles thiabendazole 

thiophanates thiophanate-methyl 
2 respiration iprodione vinclozolin 
3 sterol synthesis imidazoles imazilil 

piperazines triforine 
pyrimidines fenarimol 
triazoles bitertanol

cyproconazole
difenoconazole
fenbuconazole
flusilazole
ipconazole
metconazole
myclobutanil
propiconazole
prothioconazole
tebuconazole
tetraconazole
triadimefon
triadimenol
triticonazole

4 nucleic acid synthesis acylalanines metalaxyl 
metalaxyl-M	(mefenoxam)

7 respiration boscalid 
carboxin
flutolanil

9 protein synthesis cyprodinil 
11 respiration methoxyacrylates azoxystrobin 

picoxystrobin
methoxy-carbamates pyraclostrobin 
oximino acetates kresoxim-methyl 

trifloxystrobin
oxazolidine-diones famoxadone 
dihydro-dioxazines fluoxastrobin 
imidazolinones fenamidone 

12 signaling fludioxonil 
13 signaling quinoxyfen 
14 lipids and membranes chloroneb 

dicloran
quintozene	(PCNB)

1,2,4-thiadiazoles etridiazole 
17 sterol synthesis fenhexamid
19 cell wall synthesis peptidyl pyrimidine nucleo-

side 
polyoxin 

21 respiration cyanoimidazole cyazofamid 
22 cell division zoxamide 
24 protein synthesis kasugamycin 
25 protein synthesis streptomycin 
27 unknown cymoxanil 
28 cell membrane perme-

ability 
propamocarb 

29 respiration 2,6-dinitro-anilines fluazinam 
30 respiration tri phenyl tin compounds fentin hydroxide 

33 unknown ethyl phosphonates fosetyl-Al 
phosphorous acid and salts 

40 cell wall synthesis cinnamic acid amides dimethomorph 
40 mandelic acid amides mandipropamid 

(continued)
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pathogens. The triazoles are able to both 
be a protectant and have some curative, 
or “kick-back,” activity. Many of the tri-
azoles are more systemic across the leaf 
than strobilurins, and some may move 
into new growth. Triazoles do not move 
down through the plants. These are ex-
tremely effective fungicides, and triazole-
resistant pathogens have been found in 
fields.

To help reduce the occurrence of fun-
gicide-resistant pathogens, the Fungicide 
Resistance Action Committee (FRAC) has 
been formed to (1) identify existing or 
potential resistance problems; (2) gather 
and distribute information involved with 
fungicide research, distribution, registra-
tion, and use; (3) provide guidelines and 
advice on fungicide use to reduce the risk 
of resistance developing, and to manage 
it should it occur; (4) recommend pro-
cedures for use in fungicide-resistance 
studies; and (5) stimulate open liaison 
and collaboration among universities, 
government agencies, advisers, extension 
workers, distributors, and farmers. Table 
2.1-15 illustrates all of the FRAC Groups 
as well as modes of action. The FRAC 
Group(s) can be found on the label of all 
fungicide products for easy identification 
and to facilitate product rotation.

PESTICIDES AND THEIR 
APPLICATION
Pesticide Formulations
Pesticides are not sold as pure chemicals 
but as mixtures or formulations of one 
or more active ingredients with various 

additives. Surfactants (emulsifiers, wetting 
agents, etc.) or various diluents may be 
used to change the activity of a pure her-
bicide to the user’s advantage. The type of 
formulation determines toxicity to plants, 
uniformity of plant coverage, and stability 
in storage. Pesticides are formulated to 
permit uniformity and ease of application 
as liquid sprays or dry granules.

Formulations for Spraying

Emulsifiable concentrates (EC or E) are 
liquid formulations with an active ingre-
dient that is dissolved in one or more 
petroleum-based solvents. An emulsifier is 
added to cause oil to form tiny globules, 
which disperse in water. The formulation 
then will mix readily with water for prop-
er application. Emulsifiable concentrates 
usually contain between 2 and 8 pounds 
of active ingredient per gallon.

Emulsifiable gels (EG) are herbicides 
that traditionally are emulsifiable liquids 
formulated as gels. The gels typically are 
packaged in water-soluble bags (WSB) 
and are stable at temperatures ranging 
from -20° to 50°C. In addition, the gelling 
process reduces the need for nonaqueous 
solvents compared to standard nonaque-
ous EC-type formulation processes.

Wettable powders (WP or W) are finely 
ground dry particles that may be dispersed 
and suspended in water. They contain 
from 25 percent to 80 percent active ingre-
dient. Suspensions of wettable powders ap-
pear cloudy. Wettable powders are nearly 
insoluble and require agitation to remain 

in suspension. Atrazine and linuron are 
formulated as wettable powders.

Soluble liquids (SL) and soluble powders 
(SP) dissolve in water to form a true 
solution. Once the liquid or powder is 
dissolved, the spray mixture requires no 
additional mixing or agitation. However, 
few pesticides are available as solubles 
because most pesticide active ingredients 
are not very soluble in water.

Dry flowables (DF), also called water-
dispersible granules (WDG, WG, DG), 
are wettable powders formed into prills 
so they pour easily into the sprayer tank 
without clumping or producing a cloud 
of dust. Nearly insoluble, they require 
agitation to remain in suspension. Atra-
zine and many ALS herbicides also are 
formulated as dry flowables.

Flowables (F) or water-dispersible liq-
uids (LF), suspension concentrates (SC), 
and aqueous suspensions (AS) are finely 
ground wettable powders already sus-
pended in a liquid carrier so they can 
be poured or pumped from one tank to 
another. They usually contain at least 4 
pounds of active ingredient per gallon 
of formulation. Flowables are nearly in-
soluble in water and require agitation to 
remain in suspension. Suspoemulsion (SE) 
is a combination formulation of an SC and 
oil-based emulsion (E). Atrazine and Cal-
listo are formulated as flowables or SCs.

Microencapsulated (ME or MT) and 
capsule suspension (CS) pesticides are 
encased in extremely small capsules that 
can be suspended in a liquid carrier and 
pumped and applied with normal equip-
ment. Microencapsulated formulations 
are nearly insoluble in water and require 
agitation to remain in suspension. The 
active ingredient is slowly released over a 
period of time, often resulting in better 
pest control. Prowl H2O is formulated 
in microcapsules, which extend the soil 
activity and improve weed control.

Liquid Pesticide Mixes
Solutions are homogeneous mixtures of 
two or more substances. A solution may 
be either clear or colored and cannot be 
separated by mechanical means. An ex-
ample is 2,4-D amine dissolved in water.

Emulsions are formed when one liquid is 
dispersed in another, as 2,4-D esters dis-
persed in water. Emulsions appear milky 
when dispersed in water and without 
agitation, the liquids may separate.

41 protein synthesis oxytetracycline 
P host plant defense 

induction 
benzo-thiadiazole BTH acibenzolar-S-methyl 

M multisite contact activity inorganic copper 
inorganic sulphur 
dithiocarbamates and  
relatives 

ferbam 
mancozeb

maeb

metiram

thiram

ziram

phthalimides captan 
chloronitriles	(phthalonitriles)	 chlorothalonil 

guanidines dodine 
NC not	classified	 diverse mineral oils

organic oils

potassium bicarbonate

Table 2.1-15. Fungicide modes of action (continued).

FRAC Group Mode of Action Chemical Family (Group) Active Ingredients 
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Suspensions are mixtures of finely ground 
insoluble particles of pesticide, such as 
atrazine 80W, suspended in the water or 
liquid fertilizer carrier. Since these formu-
lations have a specific gravity greater than 
water, they tend to settle to the bottom 
of the tank; therefore, continuous mix-
ing (agitation) is required to maintain a 
uniform mixture.

Fumigants are gases at room temperature 
when not pressurized. They commonly 
come as liquids in pressurized contain-
ers as, for example, liquid ammonia. The 
liquid must be injected or released under 
a gas-tight tarp to prevent its being lost 
to the air. Specialized application equip-
ment is required.

Premixes are not formulations, but 
combinations of two or more herbicides 
premixed by the manufacturer. Premixes 
commonly combine two or more herbi-
cides that are used together anyway, and 
they may contain any of the herbicides 
discussed above. The primary reason for 
using premixes is convenience. Since 
1980, numerous premixes have been re-
leased for use on corn and soybeans, and 
the future surely will bring more.

Water-soluble bags (WSB) are available 
for a number of pesticide products and 
formulations. Pesticides (generally DF or 
WDG) are packaged in polyvinyl alcohol-
based bags that readily dissolve in water. 
WSBs offer improved handling safety, 
reduced waste disposal, and unit-dose 
convenience.

Dry Pesticide Formulations
Granular (G) pesticides are formulated 
with a premixed carrier that has a low 
percentage of active ingredient. They are 
applied directly (dry) without further 
dilution. The carrier may be fertilizer, 
clay, lime, vermiculite, or ground corn 
cobs. The performance of granulated 
herbicides, compared to that of sprayable 
formulations, varies with the herbicide. 
Granular forms generally require more 
rainfall for activation than do sprayable 
formulations.

Advantages:
•	 Water	is	not	needed	for	application

•	 Equipment	required	for	application	is	
relatively inexpensive

•	 Selectivity	may	be	improved	because	
granular particles fall off leaves and sift 
through crop canopy to the ground

Disadvantages:
•	 Heavy,	bulky,	and	troublesome	to	store	

or ship

•	 Small	granules	subject	to	drift

•	 Application	not	as	uniform	as	that	of	
sprays

Pellets (P) are like granules but are com-
pressed into larger cylinders about ¼ 
inch long. Herbicides formulated as pel-
lets usually contain from 5 percent to 20 
percent active material and are applied 
by hand to control clumps of brush. For 
brush control in forests or permanent 
pastures, they also may be applied with 
spinner spreaders mounted on helicop-
ters or aircraft. Pellets gradually break 
down from rainfall and leach into the soil 
for root uptake.

Mixing and Application
Be aware that improper sprayer calibra-
tion, nonuniform application, calculation 
errors, or use of the wrong chemicals can 
cause herbicide injury to the crop. Apply 
only the recommended amount of herbi-
cide. Slight increases in rates could result 
in crop injury or leave residues that might 
injure succeeding crops. Recalibrate 
sprayers frequently and adjust them for 
increased output resulting from normal 
nozzle wear. Be sure there is sufficient agi-
tation in the sprayer tank to prevent set-
tling of wettable powders, dry flowables, 
or flowables. Do not stop in the field with 
the sprayer on, spill herbicide when load-
ing, or dump unused herbicides in any-
thing except a holding tank.

Take the following steps when mixing 
herbicides:
•	 Always	be	sure	the	sprayer	has	been	

checked for uniform application and 
calibrated properly for application at 
the recommended rate.

•	 Calculate	the	amount	of	pesticide	to	add	
to the sprayer tank based on the active 
material in each gallon of pesticide 
concentrate, or the percentage of active 
ingredient of dry pesticide formulations.

•	 Read	and	follow	instructions	on	the	
manufacturer’s label pertaining to 
personal hazards in handling.

•	 Fill	the	sprayer	tank	with	at	least	half	
the volume of water or fertilizer solu-
tion you ultimately will need.

•	 Start	moderate	agitation	and	keep	it	
going.

•	 Add	compatibility	agents	if	needed.	For	
maximum benefit, they must be in solu-

tion before pesticides are added. (To 
determine pesticide compatibility, see 
next section.)

•	 Add,	mix,	and	disperse	dry	pesticides	
(wettable powders, dry flowables, or 
water-dispersible granules). These for-
mulations usually contain wetting and 
dispersing agents that aid in mixing.

•	 Add	liquid	flowables	and	allow	thor-
ough mixing. Liquid flowables also 
contain wetting and dispersing agents.

•	 Add	emulsifiable	concentrates	(ECs)	
and allow thorough mixing.

•	 Finish	by	adding	water-soluble	formula-
tions (2,4-D amine, etc.).

•	 Add	any	surfactants,	crop	oil	concen-
trates, etc., last. Crop oils especially do 
not mix and disperse well if added first.

•	 Add	the	remainder	of	water	or	liquid	
fertilizer and maintain agitation while 
spraying until the tank is empty.

Caution: Never pour concentrated her-
bicides into an empty tank. Never allow 
a sprayer containing mixed chemicals to 
stand without agitation, as heavy wettable 
powders may clog nozzles or settle into 
corners of the sprayer tank.

Compatibility of Pesticides
Pesticides are not always compatible with 
each other or with the water or liquid 
fertilizer carrier. Lack of compatibility 
may result only in the formation of a 
gel, precipitate, or sludge that plugs up 
screens and nozzles. But extreme incom-
patibility may produce a settling out of 
material that can harden like concrete 
in the bottom of the tank and in hoses, 
pumps, and other internal parts of the 
sprayer. The result may be total loss of the 
pesticide and use of the sprayer. Incom-
patibility also can reduce effectiveness or 
cause crop injury.

Herbicides may be combined with liq-
uid fertilizers to minimize trips over the 
field; however, information is scarce con-
cerning the compatibility of herbicides 
with specific fertilizer solutions. Herbi-
cide-fertilizer solution combinations may 
form a gel or precipitate that settles to the 
bottom of the sprayer tank or that will not 
flow through the sprayer equipment.

Tank-mixing several pesticides, al-
though convenient, may create other 
problems. Foliar activity may be enhanced 
and result in crop leaf burn, or the activ-
ity of one or more of the pesticides may 
be reduced (“antagonism”).

To prevent the main water tank or liq-
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uid-fertilizer measuring tank from becom-
ing contaminated, commercial applicators 
may want to mix the herbicides and other 
ingredients in a separate holding tank. 
The herbicide mixture then is sucked 
into the main line as the truck tank is 
being filled and is thoroughly mixed by 
the truck’s agitation system. Compatibility 
problems are more likely to result when 
concentrated herbicides are mixed togeth-
er, so a compatibility test should be done 
before new mixtures are tried.

Use only labeled tank mixtures or mix-
tures recommended by experienced scien-
tists whose recommendations are backed 
by research. Compatibility of selected her-
bicides and insecticides is given in Table 
2.2-21. For all unlabeled tank mixtures, a 
jar test is strongly recommended to test 
for compatibility. The compatibility of 
herbicide-fertilizer combinations should 
be tested before large batches are mixed. 
In some cases, adding a compatibility 
agent (Compex, Unite, or comparable 
surfactants) may help maintain compo-
nent dispersion.

The following “two-jar test” may be 
used to test the compatibility of herbi-
cides with each other or of herbicides and 
other pesticides with liquid fertilizers.
1. Add 1 pint of carrier (water, liquid 

fertilizer) to each of two quart jars.

2. Add ¼ teaspoon of compatibility agent 
to one jar (equivalent to 2 pints per 100 
gallons of spray solution). 

3. To each jar, add the required amount 
of pesticide in the order suggested 
above for tank-mixing herbicides. 
Shake well after each addition to simu-
late continuous agitation.

4. When all ingredients have been added, 
shake both jars for 15 seconds and let 
stand for 30 minutes or more. Then, 
inspect the mixture for flakes, sludge, 
gels, or nondispersible oils, all of which 
may indicate incompatibility.
•	 If,	after	standing	for	30	minutes,	

the components in the jar with no 
compatibility agent are dispersed, 
the herbicides are compatible and no 
compatibility agent is needed.

•	 If	the	components	are	dispersed	only	
in the jar containing the compatibil-
ity agent, the herbicide is compatible 
only if a compatibility agent is added.

•	 If	the	components	are	not	dispersed	
in either jar, the herbicide-carrier 
mixture is not compatible and 
should not be used.

Spray Nozzle Selection and Use
Manufacturers of spray equipment have 
developed new “second generation” 
nozzles that provide additional protec-
tion against spray drift by reducing the 
amount of very fine drops created by the 
spray pattern. The design objective for a 
spray nozzle is to create a pattern of spray 
drops of a specific size distribution and 
spray distribution pattern. With a new 
nozzle, the application pattern from a se-
ries of nozzles in a row is evenly distribut-
ed across the spray path if the nozzles are 
set at the recommended height above the 
crop canopy. The nozzle orifice is a pre-
cisely engineered device that creates the 
drops of a certain average size at a specific 
pressure and with a designed spray distri-
bution pattern, such as a flat fan spray. If 
the nozzle is damaged or worn, the aver-
age size of the droplet is changed with 
many more fine droplets created, and the 
spray distribution pattern is modified so 
that the uniformity of the spray along the 
boom is reduced.

With the increasing number of crop 
protection chemicals available, the appli-
cator must be able to select a nozzle that 
is appropriate not only for the chemical 
(contact or systemic) but also for the ap-
plication rate. In addition, environmental 
conditions such as wind and relative hu-
midity affect the potential for spray drift, 
and this must be considered in selecting 
the appropriate nozzle.

A variety of spray nozzles are available 
to provide the applicator with a means 
of getting the right size spray drops to 
reduce spray drift, and to deliver the ap-
propriate liquid flow rate so that the field 
application speed can be maintained. 
Using damaged or worn nozzles is po-
tentially damaging to the crop and also 
not economical. The cost of new nozzles 
often can be recovered with chemical 
cost savings from one or two applications. 
Some of the new nozzles available are:
1. Modified flat fan for better drop size 

control over wider variation of pressures.

2. “Turbo” nozzles that create larger drops 
but maintain a consistent drop size 
throughout a wider range of pressures.

3. Air injection nozzles that create extra 
large drops for reduced spray drift. The 
drop contains a small bubble of air that 
bursts on contact with the leaf, spread-
ing out the drop contents after contact, 
but keeping a large drop size during 
travel from the nozzle to the leaf.
One strategy for refitting sprayers is to 

use a rotating nozzle body that holds from 
three to five nozzles of different types. A 
specific nozzle appropriate for the type of 
chemical and drop size required can be 
selected by rotating the nozzle body with-
out changing the calibration or pressure 
settings of the sprayer.

Spray Nozzle Selection Procedure
1. From the chemical application label, 

determine the application rate in gal-
lons per acre with recommended tank 
mix of water and active ingredient. The 
chemical label will often recommend 
spray drop size or type of nozzle. 

2. Here is where the control for spray drift 
starts. If you have more than one nozzle 
to select from, select a nozzle size and 
type considering the wind and rela-
tive humidity conditions you expect to 
encounter in the field. Very low relative 
humidity causes the spray drops to evap-
orate more quickly and allows the active 
ingredient (as a vapor) to drift across 
or off the field. Drop sizes less than 200 
micrometers (50 micrometers equals 
the diameter of a human hair) evapo-
rate quickly and are subject to spray 
drift in even light to moderate wind. 
Spraying in winds of more than 4 to 5 
miles per hour is not recommended. 
Manufacturers’ catalogs provide data on 
the drop sizes produced by each nozzle 
at different spraying pressures.

3. From the manufacturer’s catalog tables 
for the type of nozzle mounted on your 
sprayer, select the operating pressure 
that will create spray drops that are not 
subject to drift. Higher spray pressures 
increase the gallons per minute (GPM) 
output from the nozzle, but create 
smaller spray drop sizes. The goal is 
to balance the GPM from the nozzle 
without making driftable spray drops. 
Select the GPM output from the nozzle, 
based on drop size and pressure. You 
may want to purchase new nozzles if 
you decide to upgrade to second gen-
eration nozzles of a different capacity 
and type. Always make it a practice to 
use the lowest spray pressure possible 
without disrupting the spray pattern.

4. Select a desired spraying speed or 
spraying pressure. You will be balancing 
these two factors to get the right drop 
size and sprayer speed to reduce spray 
drift, while still getting the recommend-
ed application rate. 

5. You now have a preliminary spray 
speed in MPH or GPM per nozzle, the 
sprayer nozzle spacing in inches, and 
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the gallons per acre (GPA) recom-
mended application rate. Use either of 
the following formulas, depending on 
whether you want to set the pressure 
and calculate the spraying speed, or set 
the speed and calculate the GPM per 
nozzle, which sets the sprayer pressure:

MPH  
(miles 
per 
hour)

=
5,940 x

GPM  
(gallons 
per minute 
per nozzle)

GPA 
(gallons 
per 
acre)

x
W (nozzle 
spacing in 
inches)

GPM =
MPH x GPA x W

5,940

If the calculated spraying speed is too 
slow for you, you must increase pressure 
(which may increase spray drift), or select 
a different size or different type of nozzle. 
For example, you could increase pressure by 
changing from a flat fan (medium-sized drops) 
to a Turbo TeeJet, which would provide a coarse 
drop size at increased pressure. You could then 
use an increased GPM for the nozzle and drive 
the sprayer faster.

If the required nozzle GPM is larger 
than the catalog value GPM that gives 
the right drop size, you can slow down 
the sprayer speed or choose a different 
nozzle type (providing larger drop sizes). 
This allows the application rate per acre 
to be met with a slower sprayer speed and 
reduced nozzle pressure, or the required 
GPM per nozzle to be met with increased 
pressure. For example, if your sprayer had 
a flat fan TeeJet XR8004 installed and you 
wanted the nozzle to provide coarse-sized drops, 
the maximum pressure that would do this is 20 
psi, and the nozzle would deliver 0.28 GPM at 
that pressure. But the required GPM at a spray 
speed of 6 MPH is 0.4. This can be delivered at 
40 psi, but the drop size at that pressure is me-
dium sized. (There is a potential for spray drift 
with this drop size, because of expected winds 
and low relative humidity.) To solve this prob-
lem, you could choose an air injection nozzle, 
which would provide 0.4 GPM but also would 
provide a very coarse drop size at 40 psi. 

The selection of nozzle type, nozzle 
capacity, and durability of material is be-
coming more important as the selection 
and variety of crop protection chemicals 
increases. The spray equipment supplier 
and nozzle manufacturer’s catalogs can 
provide important advice on the proper 
selection of nozzles. Consult your local 

cooperative extension educator for fact 
sheets that provide additional guidance in 
nozzle selection.

Drift
Drift is the movement of any pesticide 
through the air to areas not intended for 
treatment. During application, droplet or 
particle drift occurs as spray droplets or 
dust particles are carried by air movement 
from the application area to other places. 
Vapor drift takes place after application as 
herbicides evaporate (volatilize) and yield 
fumes (gases) that are carried on wind 
currents and deposited on soils or plants 
in untreated areas.

Herbicide drift may injure sensitive 
crops, ornamentals, gardens, livestock, 
wildlife, or people, and may contaminate 
streams, lakes, or buildings. It may con-
taminate crops and cause illegal or intol-
erable residues. Excessive drift may mean 
poor performance in the desired spray 
area because the application rate is lower 
than expected.

Drift control should be considered with 
each pesticide application. Here are some 
ways to prevent severe drift problems:
•	 Use	sprayer	nozzles	especially	designed	

for drift reduction

•	 Use	low-volatile	or	nonvolatile	formula-
tions

•	 Use	low	spray-delivery	pressures	(15–30	
psi) and nozzles with a larger orifice

•	 Use	drift-inhibiting	adjuvants	in	the	
spray mixture when spraying under 
less-than-ideal conditions

•	 Use	nozzles	that	allow	for	lowered	
boom height

•	 Avoid	application	of	volatile	chemicals	
at high temperatures

Boom Sprayer Setup and 
Calibration
Advances in agricultural chemicals have 
made precise application of herbicides 
and pesticides much more important, not 
only because of the cost of the chemicals 
but also because of the danger of off-
target spray drift. The economic impact 
of spray drift comes not only from the loss 
of chemicals that should have been ap-
plied to the crop, but also from the po-
tential damage the chemicals may cause 
to adjoining crops, the contamination of 
surface and ground water supplies, and 
health risks to animals and people. Legal 
liability costs have been rising recently, 
justifying added attention to properly cali-
brated and operated spraying equipment.

Reasons for Calibrating
•	 Chemicals	should	be	applied	at	the	

proper rate to be effective and safe 
without causing pollution. The calibra-
tion test tells us the application rate 
with our selected nozzles, pressure, 
sprayer design, and travel speed.

•	 The	operator	must	know	the	applica-
tion rate (from the chemical label) 
to determine the proper amount of 
chemical(s) to add to the sprayer 
tank. Once the actual application rate 
is known, it is easy to determine the 
acreage that a tankful or part of a tank 
will cover. Then, the proper amount 
of chemical to add to the tank can ac-
curately be determined.

•	 Applying	a	chemical	at	the	wrong	rate	is	
disadvantageous. Using more than the 
desired amount of chemical is wasteful, 
may violate label rates, and may pollute 
the environment. Too low an applica-
tion rate probably will not be effective, 
and money will have been wasted on the 
material and its application.

•	 Actual	application	rates	in	the	field	may	
vary from nozzle catalog values, because 
of pressure gauge error, wheelslip, 
speedometer error, and friction loss in 
the plumbing. A catalog is satisfactory 
for selecting the correct nozzles, but 
the sprayer must be checked under 
actual operating conditions to adjust 
the pressure for the exact application 
rate required.

Precalibration or Start-of-Season 
Checkout
1. Before the spraying season or the first 

use of the season, the sprayer should 
be thoroughly checked for mechani-
cal operation. Engines, pumps, hoses, 
valves, and electronic controls should 
be inspected, and worn parts repaired 
or replaced. The wheels, tank, and 
mechanical parts should be inspected 
and the equipment lubricated. Belts, 
pulleys, PTO shafts, and shaft guards 
should be checked for wear, and all 
guards must be in place. Consider the 
economic impact on the crop if the 
sprayer malfunctions during a critical 
spraying operation and parts must be 
ordered. Make sure the nozzle spacing 
on the boom is uniform. Make ac-
curate measurements and adjust—do 
not estimate. Check that all nozzles on 
the boom are from the same manufac-
turer, have the same part number, and 
are the same size.
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2. The spray nozzles and all strainers 
should be checked. Remove strainers 
and make sure they are clean. Clean 
nozzles in soapy water with a tooth-
brush or a nozzle-cleaning brush. DO 
NOT use any hard or metallic tools to 
clean the nozzles. Check pressure gauges 
to make sure they are in calibration 
and reading correctly. An inaccurate 
pressure gauge will cause an improper 
application rate. This is a good time 
to replace nozzles. The cost of new 
nozzles usually is recovered within one 
or two spray applications. Consider up-
grading to stainless steel nozzles. The 
sprayer owner should always purchase 
at least one extra or spare nozzle of 
the same type and size as those on the 
boom. This nozzle is not to be used for 
spraying, but only for calibration.

3. Clean the sprayer tank, piping, 
screens, and nozzles. This is im-
portant, especially with the use of 
chemical-resistant crops where sprayer 
contamination could cause significant 
crop damage to nonresistant crops. 
A good cleanser is sudsy ammonia, 
which can be purchased at most 
grocery stores in gallon or half-gallon 
containers. Washing soda (sal soda), 
another grocery store item, or triso-
dium phosphate may be used. 

In general, cleaning involves first 
flushing the sprayer and tank with 
water. Then, add 25 gallons of water 
to the tank and add 1 quart of house-
hold ammonia or sudsy ammonia if 
the tank has held organophosphates 
or carbamate insecticides. Ammo-
nia will detoxify these chemicals. 
For other spray chemicals, to the 25 
gallons of water in the tank, add 1 lb 
washing soda and ¼ lb powdered de-
tergent (or enough liquid detergent) 
to make a sudsy solution. Two pounds 
of trisodium phosphate (available at 
paint stores or hardware stores) may 
be substituted for the washing soda. 
Agitate the solution and operate the 
sprayer for at least 2 minutes. Let 
the solution stand in the sprayer for 
at least 2 hours (or overnight for 
hormone herbicides, salt or amine 
formulations). Flush the cleaning 
solution out of the sprayer and rinse it 
with clean water.

After cleaning, check the nozzles 
and screens again, as they may have 
captured scale and sediment loosened 
by the cleaning solutions.

Sprayer Calibration
Before the spray activity, or especially be-
fore changing spray chemicals, clean and 
flush the sprayer with clean water. The 
proper nozzles and nozzle discharge rate, 
speed, and operating pressure will have 
been selected previously for the proper 
application rate.
1. On an area that best represents the 

average topography for the area to 
be sprayed, measure and mark off a 
distance of 100, 200, or 300 feet. The 
goal for this operation is to calibrate 
the tractor’s speedometer or tachom-
eter so that the proper speed can be 
maintained during application. 

2. Fill the sprayer tank about half full of 
water before the sprayer speed calibra-
tion.

3. With the tractor traveling at this de-
sired spraying speed, time and record 
the seconds needed to travel the 
calibration distance.

  _______ seconds

4. Using the formula or the table below, 
calculate the actual speed driven 
through the calibration distance 
compared to the desired application 
speed. Adjust the speed and note the 
speedometer or tachometer reading 
until the desired speed is achieved.

Speed 
(miles per 
hour)

=
Distance (feet) x 60

Time (seconds) x 88

Speed 
(MPH)

Time required, in seconds, to travel a 
distance of:

100 feet 200 feet 300 feet

0.5 136 273 409

1.0 68 136 205

1.5 45 91 136

2.0 34 68 102

2.5 27 55 82

3.0 23 45 68

3.5 19 39 58

4.0 17 34 51

4.5 15 30 45

5.0 14 27 41

5.5 25 37

6.0 23 34

6.5 21 31

7.0 19 29

7.5 18 27

8.0 17 26

8.5 16 24

9.0 15 23

5. Note and record the engine rpm and 
the gear selection, so the same speed 
is used during calibration and applica-
tion.

 _______ mph _______ rpm
 _______ gear _______ range

6. Place one new nozzle of the type and 
size to be used during the spraying on 
the sprayer boom in the position clos-
est to the pump or the control valves. 

7. Add water to the sprayer (if neces-
sary), engage the pump, and adjust 
the pressure regulator to the desired 
boom pressure selected from the cata-
log tables for the nozzle to be used. 
(This nozzle and desired output were 
determined during the precalibration 
nozzle selection.) Using a measuring 
container, collect the liquid from the 
new nozzle for one minute. Adjust 
pressure until the amount collected 
equals the desired nozzle output in 
GPM. (If your container is calibrated 
in fluid ounces, divide the amount 
collected in ounces by 128 to convert 
to gallons.) You have now set the cor-
rect sprayer pressure. Replace the new 
nozzle with the regular sprayer nozzle.

8. The next step is to calibrate all of the 
nozzles to make sure they are within 
the calibration standards. Collect 
the output from each nozzle for 1 
minute and measure the volume. If 
the output from any boom nozzle is 
less than the output from the new 
nozzle, the nozzle is dirty or clogged 
and the strainer and nozzle should 
be cleaned. If the volume collected 
is more than 110 percent of the new 
nozzle output (10 percent more than 
the new nozzle output), the nozzle is 
worn and should be replaced. Both 
the nozzle application rate and spray 
distribution pattern will be unaccept-
able for precise spraying and drift 
control. If more than two nozzles on 
the boom are 10 percent greater or 
less than the new nozzle rate, replace 
all of the nozzles on the boom, as this 
is an indication of excessive wear.

9. Setting boom height. Even with 
properly calibrated spray nozzles and 
correct pressure settings, the spray 
distribution pattern may not be ac-
ceptable unless the boom height is 
properly adjusted. The nozzle spray 
pattern is designed so that when the 
boom height is set for the nozzle spac-
ing on the boom, the spray is evenly 
applied across the boom width. The 
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boom height is measured from the top 
of the plant canopy to the nozzle and is 
specific for the nozzle spray pattern 
(for example, a 110-degree flat fan 
or an 80-degree or 60-degree spray 
pattern have different boom height 
settings). Ground level is the target 
for preemergence herbicides, while 
the top of the weeds or cover crop is 
the target for postemergence sprays.

The manufacturer’s catalog recom-
mends the correct boom height for 
each type and size of nozzle. Since 
individual fan nozzles deliver more 
spray in the middle of the patterns 
than at the edges, boom height needs 
to be adjusted so that the patterns 
overlap. Flat fan patterns should over-
lap 40 percent of nozzle spacing, and 
flooding fan patterns should overlap 
50 percent on the target regardless of 
the nozzle spacing or spray fan angle.

A simple check is to spray water on 
a clean concrete or asphalt road or 
parking lot and observe the drying 
patterns. On a warm sunny day, the 
water will dry in 2 to 4 minutes. Heavy 
(wet) streaks under each nozzle indi-
cate that the boom is too low. If the 
target is not at ground level, check the 
overlap at ground level and then raise 
the boom the appropriate amount.

A more sophisticated method is to 
attach strips of water-sensitive paper 
to boards laid across the swath width. 
Spray over the water-sensitive paper 
at normal operating conditions. The 
yellow paper will turn blue where each 
spray drop is deposited. Evaluate the 
uniformity by observing the portion of 
the paper target that changes color.

As a rule of thumb, boom height 
settings less than the manufacturer’s 
recommendations will result in uneven 
distribution such as banding or strip-
ing. Boom height settings higher than 
the manufacturer’s recommendations 
will increase the uniformity, but also 
increase the potential for spray drift, 
because of the greater distance be-
tween the nozzle and the plant. 

10. As a final precaution, be sure to wear 
protective gloves, goggles, and water-
proof clothing when cleaning or cali-
brating sprayers or adding chemicals.

Sprayer Cleanout
Modified from “Sprayer Clean-out Guidelines: 
Avoiding Crop Injury Due to Contamination,” 
PAT-30 (November 1997), Iowa State Univer-
sity of Science and Technology, Ames, Iowa

Crop injury due to contaminated sprayers 
is a continuing problem for both vegeta-
bles and field crops. Herbicide residues 
can be dissolved with time, and some 
herbicide formulations are very effective 
at removing residues. This problem can 
be avoided by ensuring that sprayers are 
properly cleaned between tank loads. 
Sprayer cleaning is particularly important 
before you begin spraying a different 
crop. When determining the correct 
clean-out procedure, it is important to 
consider the product’s mode of action, 
carrier, and additives. They all have an 
impact on what cleaning solutions to use 
and potential damage to sensitive crops.

Rinsate disposal. Clean the sprayer in an 
area that will not contaminate water sup-
plies, streams, or crops and that is inacces-
sible to children, pets, and livestock. Pay 
particular attention to sensitive vegeta-
tion that is in the runoff area. The best 
method for rinsate disposal is in the field 
in a manner consistent with the product’s 
label. The easiest way to do this is to have 
rinse water available in the field, on either 
the sprayer or the support vehicle.

Tank-cleaning agents. A tank-cleaning 
agent’s function is to penetrate, loosen, 
and dissolve herbicide residues, and then 
remove them through dilution. In some 
cases, the agent will provide deactivation 
or decomposition of the herbicide.
•	 Commercial	tank	cleaners	are	recom-

mended on many product labels and 
help remove water and oil-soluble 
herbicides.

•	 Household	ammonia,	a	commonly	rec-
ommended cleaning agent, is effective 
at penetrating and loosening deposits 
and residues in the spraying system. Al-
though ammonia does not decompose 
herbicides, it increases the solubility of 
some herbicides by raising the pH. 

•	 Chlorine	bleach	can	decompose	resi-
dues of most sulfonylurea and other 
herbicides into inactive compounds. 
However, some tank-mix partners may 
inhibit the decomposition. Care must 
be used with chlorine bleach. Chlorine 
bleach can combine with fertilizers con-
taining ammonia to produce danger-
ous chlorine gas, which is irritating to 
the eyes, nose, throat, and lungs. Also, 
rinsate containing chlorine bleach is 
not labeled for application to cropland.

•	 Kerosene	or	fuel	oil	should	be	used	to	
remove oil-based herbicide formula-
tions such as 2,4-D esters. Following the 

oil rinse, the system should be cleaned 
with detergent or ammonia.

Removing precipitated pesticides. Tank-
mixing more than one pesticide can 
sometimes result in the chemicals form-
ing a “gunky mess” in the bottom of the 
tank. The result is that the pesticides are 
not compatible with one another and the 
pesticides will settle out (form gunk). If 
your tank does end up with incompatible 
pesticides gunking up the bottom, use a 
compatibility agent (usually at a pint per 
100 gallons; follow directions).

Surfactants and fertilizer additives.  
When switching from a growth regulator 
herbicide (2,4-D, Banvel, or Stinger) to a 
postemergence application in soybeans, 
special care should be taken if the ap-
plication involves surfactants or fertilizer 
additives. Such materials are particularly 
adept at removing these herbicides from 
poly tanks, hoses, and strainers. It is rec-
ommended that a small amount of fertil-
izer or crop oil be flushed through the 
system before the application.

General cleaning guidelines. To avoid dry-
ing and hardening of pesticide residues, 
and potential corrosion and damage to 
equipment, clean the sprayer immedi-
ately following an application. If you are 
continuing with the same pesticide the 
next day, flushing with water is sufficient. 
However, if you are switching products 
or crops, a more thorough cleaning is 
required.

Be sure to clean the entire sprayer sys-
tem, not just the tank. Operate the pump 
and flush the cleaning solution through 
all hoses, strainers, screens, nozzles, and 
the boom. Small amounts of residue left 
in these areas can be sufficient to cause 
serious damage to a sensitive crop. Most 
injury occurs when switching between 
crops. The following procedure is recom-
mended when there are no specific clean-
ing requirements given on the label.
1. Drain the sprayer tank and lines and 

rinse tank, boom, and lines with water 
for a minimum of 5 minutes.

2. Fill the tank with clean water and one 
of the following cleaning solutions per 
100 gallons of water:
•	 1	gallon	of	household	ammonia
 or
•	 8	pounds	of	trisodium	phosphate	

cleaner detergent
 or
•	 commercial	tank	cleaner	(follow	

instructions) 
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 Flush the solutions through the en-
tire sprayer system. For growth regula-
tor herbicides (2,4-D, Banvel, Clarity, 
Distinct, Stinger, etc.), let the solution 
stand overnight. Add more water to fill 
tank and agitate solution for at least 15 
minutes and flush through the nozzles. 
Drain the tank.

3. Remove the nozzles, screens, and 
strainers and clean them separately in a 
bucket of cleaning agent and water.

4. Rinse the entire system with clean water.

USING PESTICIDES SAFELY
Pesticide Toxicity
For all pesticides to be effective against 
the pests they are intended to control, 
they must be biologically active, or toxic. 
Because pesticides are toxic, they are also 
potentially hazardous to humans and 
animals. Any pesticide can be poisonous 
or toxic if absorbed in excessive amounts. 
Pesticides can cause skin or eye damage 
(topical effects) and can also induce 
allergic responses. However, if used ac-
cording to label directions and with the 
proper personal protective equipment 
(PPE), pesticides can be used safely. For 
this reason, people who use pesticides or 
regularly come in contact with them must 
understand the relative toxicity and the 
potential health effects of the products 
they use.

The risk of exposure to pesticides can 
be illustrated with the following simple 
equation:

Hazard of Pesticide Use = Toxicity x  
Actual Exposure

Toxicity is a measure of the ability of 
a pesticide to cause injury, which is a 
property of the chemical itself. Pesticide 
toxicity is determined by exposing test 
animals to different dosages of the active 
ingredient. Tests are also done with each 
different formulation of the product (for 
example, liquids, dusts, and granulars). 
By understanding the difference in toxic-
ity levels of pesticides, a user can mini-
mize the potential hazard by selecting the 
pesticide with the lowest toxicity that will 
control the pest.

Applicators may have little or no con-
trol over the availability of low-toxicity 
products or the toxicity of specific formu-
lated products. However, exposure can be 
significantly reduced or nearly eliminated 
by using personal protective clothing and 
equipment (PPE). For example, over 90 

percent of all pesticide exposure comes 
from dermal exposure, primarily to the 
hands and forearms. By wearing a pair of 
chemically resistant gloves, this exposure 
can be reduced at least 90 percent. There-
fore, by wearing the correct PPE, the 
hazard of pesticide use can be reduced to 
an insignificant level for the applicator.

Acute Toxicity and Acute Effects
Acute toxicity of a pesticide refers to the 
chemical’s ability to cause injury to a 
person or animal from a single exposure, 
generally of short duration. The four 
routes of exposure are dermal (skin), 
inhalation (lungs), oral (mouth), and eyes. 
Acute toxicity is determined by examining 
the dermal toxicity, inhalation toxicity, and 
oral toxicity of test animals. In addition, 
eye and skin irritation is also examined. 

Acute toxicity is usually expressed as 
LD50 (lethal dose 50) or LC50 (lethal 
concentration 50). This is the amount or 
concentration of a toxicant required to 
kill 50 percent of a test population of ani-
mals under a standard set of conditions. 
LD50 values of pesticides are recorded in 
milligrams of pesticide per kilogram of 
body weight of the test animal (mg/kg), 
or in parts per million (ppm). LC50 values 
of pesticides are recorded in milligrams 
of pesticide per volume of air or water 
(ppm). To put these units into perspec-
tive, 1 ppm is analogous to 1 inch in 16 
miles or 1 minute in 2 years. 

The LD50 and LC50 values are found in 
the product’s Safety Data Sheet (SDS), 
which is available from the supplier or 
product manufacturers when pesticide 
products are purchased. Most are also 
available from various online sources, 
including the manufacturer’s website or 
through various search engines as listed 
on our website at extension.psu.edu/
pesticide-education/applicators/labels-
and-msdss. For many reasons, especially 
in an emergency situation, maintaining 
a file with copies of the label and SDS 
for each pesticide product used is highly 
recommended.

The LD50 and LC50 values are useful in 
comparing the toxicity of different active 
ingredients as well as different formula-
tions of the same active ingredient. The 
lower the LD50 value of a pesticide, the 
less it takes to kill 50 percent of the test 
population, and therefore the greater the 
acute toxicity of the chemical. Pesticides 
with high LD50 values are considered the 
least acutely toxic to humans when used 
according to the directions on the prod-
uct label.

Signal Words
Acute toxicities are the basis for assign-
ing pesticides to a toxicity category and 
selecting the appropriate signal word 
for the product label. Pesticides that are 
classified as “highly toxic,” on the basis of 
either oral, dermal, or inhalation toxicity, 
must have the signal words DANGER and 
POISON (in red letters) and a graphic of 
a skull and crossbones prominently dis-
played on the package label. PELIGRO, 
the Spanish word for danger, must also 
appear on the label of highly toxic chemi-

General Guidelines for 
Pesticide Safety

ALWAYS READ THE LABEL!

Only use pesticides when necessary. Before 
using any pesticide product, always read 
the label, as it is a legal document. The label 
provides information on which pests can be 
controlled, on which crops the pesticide product 
can be used, and the recommended rates and 
times	of	application.	Any	“off	label”	use	is	a	
violation of both Federal and state laws. Correct 
use of pesticides is essential to protect human, 
animal, and plant health as well as to protect 
the environment. Additionally, proper use will 
ensure chemical residues on crops and animals 
do	not	exceed	legal	limits	(tolerances).
•	 Before	using	any	pesticide,	read	the	label.
•	 Become	familiar	with	current	federal	and	

state pesticide laws and regulations.
•	 Follow	all	safety	precautions	on	the	label.
•	 Wear	protective	clothing	and	use	protective	

equipment	(both	are	referred	to	as	PPE)	ac-
cording to instructions on the pesticide label.

•	 Minimum	clothing	requires	long	pants,	long-
sleeved shirt, socks, and shoes. In addition, 
chemically	resistant	gloves	(nitrile,	butyl,	or	
neoprene)	and	unlined	rubber	boots	should	
be worn.

•	 Be	careful	when	handling	pesticide	materi-
als to avoid spilling on skin or clothing.

•	 Never	eat,	drink,	smoke,	or	use	tobacco	
products while applying pesticides. 

•	 When	selecting	pesticides,	consider	type	of	
formulation and the application equipment 
required.

•	 Avoid	drift	to	nontarget	areas,	which	may	
endanger other plants or animals. Dusts 
drift more than sprays and airblast sprayers 
create more drift than boom sprayers.

•	 For	record-keeping	requirements,	record	
the date, time, location, amount of each 
pesticide used, and any other required 
information as soon as possible.

•	 Bathe	or	shower	in	hot,	soapy	water	after	
applying pesticides.

•	 Wash	clothing	worn	while	applying	pesti-
cides separate from other laundry, in hot, 
soapy water. Contaminated clothing must be 
handled with the same precautions as the 
pesticide itself. 

http://extension.psu.edu/pests/pesticide-education/applicators/labels-and-msdss
http://extension.psu.edu/pests/pesticide-education/applicators/labels-and-msdss
http://extension.psu.edu/pests/pesticide-education/applicators/labels-and-msdss


216 The Agronomy Guide 2019–20

cals. Acute oral LD50 values for pesticide 
products in this group range from a trace 
amount to 50 mg/kg. An exposure of a 
few drops of a highly toxic material taken 
orally could be fatal to a 150-pound per-
son.

Some pesticide products are labeled 
with the signal word DANGER without the 
skull and crossbones symbol. A DANGER 
signal word does not provide information 
about the LD50 value of the chemical. 
Instead, this signal word alerts the user of 
potentially more severe skin or eye effects 
from the product (caused by its irritant or 
corrosive properties). 

Pesticide products considered “mod-
erately toxic” must have the signal 
words WARNING and AVISO (Spanish) 
displayed on the label. Acute oral LD50 
values range from 50 to 500 mg/kg. An 
exposure of 1 teaspoon to 1 ounce could 
be fatal to a 150-pound person.

Pesticide products classified as either 
“slightly toxic or relatively nontoxic” are 
required to have the signal word CAU-
TION on the pesticide label. Acute oral 
LD50 values are greater than 500 mg/kg.

Chronic Toxicity and Chronic Effects
Any harmful effects that occur from re-
peated small doses over a period of time 
are called chronic effects. The chronic 
toxicity of a pesticide is determined by ob-
serving symptoms of test animals, which 
result from long-term exposure to the 
active ingredient. 

Some of the suspected chronic effects 
from exposure to certain pesticides in-
clude birth defects (teratogenesis); fetal 
toxicity (fetotoxic effects); production of 
tumors (oncogenesis), either benign (non-
cancerous) or malignant (cancerous/car-
cinogenesis); genetic changes (mutagen-
esis); blood disorders (hemotoxic effects); 
nerve disorders (neurotoxiceffects); and 
reproductive effects. The chronic toxicity 
of a pesticide is more difficult to deter-
mine through laboratory analysis than 
is acute toxicity. The product’s SDS also 
contains information regarding chronic 
symptoms of pesticide exposure.

Symptoms of Pesticide Poisoning
The symptoms of pesticide poisoning 
can range from a mild skin irritation to 
coma or even death. Different classes 
or families of chemicals cause different 
types of symptoms. Individuals also vary in 
their sensitivity to different levels of these 
chemicals. Some people may show no 
reaction to an exposure that may cause se-
vere illness in others. Because of potential 

health concerns, pesticide users and han-
dlers must recognize the common signs 
and symptoms of pesticide poisoning. 

The effects, or symptoms, of pesticide 
poisoning can be broadly defined as 
either topical or systemic. Topical effects 
generally develop at the site of pesticide 
contact and are a result of either the 
pesticide’s irritant properties (either the 
active and/or inert ingredient) or an al-
lergic response by the victim. Dermatitis, 
or inflammation of the skin, is accepted 
as the most commonly reported topical 
effect associated with pesticide exposure. 
Symptoms of dermatitis range from 
reddening of the skin to rashes and/or 
blisters. Some individuals exhibit allergic 
reactions when using pesticides or when 
these materials are applied in or around 
their homes or places of work. Symptoms 
of allergic reactions range from redden-
ing and itching of the skin and eyes to 
respiratory discomfort often resembling 
an asthmatic condition.

Systemic effects are quite different 
from topical effects. They often occur 
away from the original point of contact, 
as a result of the pesticide being absorbed 
into and distributed throughout the body. 
Systemic effects often include nausea, 
vomiting, fatigue, headache, and intesti-
nal disorders.

Seeking prompt medical attention is 
important; however, the development of 
certain symptoms is not always the result 
of exposure to a pesticide. Common ill-
nesses such as the flu, heat exhaustion or 
heat stroke, pneumonia, asthma, respira-
tory and intestinal infections, and even a 
hangover can cause symptoms similar to 
pesticide exposure. Carefully consider all 
possible causes of your symptoms.

Responding to Pesticide 
Poisoning Symptoms
Be alert for the early symptoms of pes-
ticide poisoning. Responding immedi-
ately and appropriately when pesticide 
exposure is suspected will help minimize 
the effects of exposure and, in extreme 
cases, may save a life. If you are having 
symptoms but are unsure if they are pes-
ticide related, at least notify someone in 
case your symptoms become worse. At 
this time, call the National Poison Center 
at 1-800-222-1222 for guidance on the 
proper response to your symptoms. This 
number will direct your call to the nearest 
poison center, which is staffed on a 24-
hour basis.

If safe to do so, take the pesticide con-

tainer to the telephone. (However, if the 
pesticide container is contaminated, write 
down the product name and percentage 
of active ingredients, and take that to the 
phone.) The product label provides medi-
cal personnel information such as active 
ingredients, an antidote, and an emer-
gency contact number for the manufac-
turer of the product. If you must go to the 
hospital or doctor’s office, take the entire 
container, including the label, with you. 
In order to avoid inhaling fumes or spill-
ing the contents, make sure the container 
is tightly sealed and never put it in the 
enclosed passenger section of a vehicle. 

If the Safety Data Sheet (SDS) is avail-
able, take this with you also because it 
frequently contains additional informa-
tion for medical personnel. In addition 
to posting emergency numbers or having 
them readily available by a telephone, 
keep these numbers in all service vehicles 
involved in transporting pesticides. Ad-
ditional pesticide information can also 
be obtained by contacting the National 
Pesticide Information Center (NPIC) lo-
cated at Oregon State University at 1-800-
858-7378. The NPIC provides a variety of 
unbiased information about pesticides 
to anyone in the United States. (Medical 
professionals and government agencies 
can call NPIC at 1-800-858-7377.)

First Aid for Pesticide Poisoning
Reviewed by J. Ward Donavon, medical director 
of PinnacleHealth Toxicology Center, Harris-
burg Hospital

Immediate and appropriate action, such 
as providing first aid, may be necessary to 
prevent serious injury to a victim of pesti-
cide poisoning. The situation can be a life-
or-death matter. The product label should 
be one of the first sources of information 
in a pesticide exposure emergency, in addi-
tion to calling the National Poison Center 
(1-800-222-1222) and 911. First aid is only 
the “first response” and is not a substitute 
for professional medical help. 

General First Aid Instructions
•	 Most	important,	be	sure	to	protect	

yourself by wearing appropriate protec-
tive clothing and equipment if there is 
a likelihood of being directly exposed 
to a pesticide while administering first 
aid or removing the victim from an 
enclosed area. 

•	 Have	current	labels	and	Safety	Data	
Sheets (SDS) available. 

•	 Have	emergency	response	telephone	
numbers readily available.
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•	 Assemble	a	first	aid	kit	with	necessary	
supplies.

•	 Always	have	a	source	of	clean	water	
available. In an extreme emergency, 
even water from a farm pond, clean 
water irrigation system, or watering 
trough could be used to dilute the 
pesticide. 

•	 If	oral	or	dermal	exposure	has	occurred,	
the first objective is usually to dilute the 
pesticide and prevent absorption.

•	 If	inhalation	exposure	occurs,	first	pro-
tect yourself, and then get the victim to 
fresh air immediately.

•	 Never	give	anything	orally	to	an	uncon-
scious person.

•	 Become	familiar	with	the	proper	tech-
niques of artificial respiration; it may 
be necessary if a person’s breathing has 
stopped or become impaired.

Specific First Aid Instructions
If the victim is not breathing:

FIRST—Evaluate the surroundings of the 
victim. Protect yourself from pesticide ex-
posure prior to and while giving assistance.

SECOND—Administer artificial respira-
tion and call 911. 

THIRD—Call National Poison Center  
(1-800-222-1222).

FOURTH—Decontaminate the victim im-
mediately; wash thoroughly and quickly. 
Speed is essential.

If the victim is breathing:

FIRST—Evaluate the surroundings of the 
victim. Protect yourself from pesticide 
exposure prior to and while giving assis-
tance.

SECOND—Decontaminate the victim im-
mediately; wash thoroughly and quickly. 
Speed is essential.

THIRD—Call 911 if the victim has ill ef-
fects from the exposure.

FOURTH—Call the National Poison 
Center (1-800-222-1222).

If the pesticide has been spilled on the 
skin or clothing, remove any contami-
nated clothing immediately and thor-
oughly wash the skin with soap and water. 
Avoid harsh scrubbing, as this enhances 
pesticide absorption. Rinse the affected 
area with water, wash again, and rinse. 
Gently dry the affected area and wrap it 
in a loose cloth or blanket, if necessary. If 
chemical burns of the skin have occurred, 
cover the area loosely with a clean, soft 

cloth. Avoid the use of ointments, greases, 
powders, and other medications unless 
instructed by medical personnel. 

Heavily contaminated clothing should 
be disposed of properly. If clothing is 
not heavily soiled, wash all contaminated 
clothing separately from any other laun-
dry in hot water, at a high water level, and 
with a heavy duty liquid detergent. Run 
the washer through a complete cycle with 
detergent and no clothes to remove pes-
ticide residue before another wash. Store 
washed protective clothing separately 
from other clothes. Also, do not store 
protective clothing and equipment in 
pesticide storage areas.

If the pesticide has entered into the 
eyes, hold the eyelid open and immedi-
ately begin gently washing the eye with 
clean running water. Do not use chemicals 
or drugs in the eye wash water. Continue 
washing for 15 minutes. If only one eye is 
involved, avoid contaminating the other 
one. Flush under the eyelids with water to 
remove debris. Cover the eye with a clean 
piece of cloth and seek medical attention 
immediately. If contact lenses are worn, 
remove and discard the contacts, then 
wash the eyes as described above.

If the pesticide has been inhaled, get 
the victim to fresh air immediately. How-
ever, do not attempt to rescue someone 
who is in an enclosed area unless you are 
wearing appropriate protective equip-
ment. Have the victim lie down and 
loosen their clothing. Keep the victim 
warm and quiet. If the victim is convuls-
ing, watch their breathing and protect 
their head. Keep the chin up to keep air 
passages free for breathing. If breathing 
stops, administer artificial respiration and 
call 911. Call the National Poison Center 
(1-800-222-1222) after the victim is stabi-
lized for further advice.

If the pesticide has been swallowed, 
contact the National Poison Center (1-
800-222-1222) and provide them with the 
name and approximate amount of mate-
rial that was ingested. Call 911 immedi-
ately if the victim has symptoms from the 
exposure. If the pesticide has entered the 
mouth but has not been swallowed, rinse 
the mouth with large amounts of water. 
Inducing vomiting is rarely advised for any 
poisoning, including pesticide poisonings. 

If a petroleum product (kerosene, gaso-
line, oil, lighter fluid, EC pesticides) has 
been swallowed, call the National Poison 
Center (1-800-222-1222) and 911 immedi-
ately for further instruction.

If a corrosive poison (a strong acid 

or alkali) has been swallowed, dilute 
with water or milk immediately. Consult 
the National Poison Center (1-800-222-
1222) and 911 immediately. The victim 
may experience severe pain and have 
extensive mouth and throat burns. For-
tunately, most commonly used pesticides 
are not corrosive, but some household 
disinfectants and germicides fall into this 
category. 

Safe Storage of Pesticides

•	 Read	the	label	for	specific	storage	
instructions and precautions.

•	 Store	pesticides	in	a	clean,	cool,	dry,	
and well-ventilated building. Always 
lock the area to prevent entry by 
children and untrained persons. Mark 
the storage facility with an appropriate 
warning sign.

•	 Maintain	proper	temperature	control.	
For example, if emulsion-type materials 
freeze, the emulsion may be destroyed, 
resulting in loss of effectiveness and 
possible serious plant injury.

•	 To	avoid	the	danger	of	cross-contam-
ination, do not store herbicides with 
other pesticides. 

•	 Keep	dry	materials	above	liquid	materi-
als.

•	 Do	not	store	pesticides	where	food,	wa-
ter, feed, seeds, fertilizers, or personal 
protective clothing and equipment 
(such as respirators) can become con-
taminated.

•	 Store	pesticides	in	their	original	con-
tainers. Never store pesticides in any 
food or drink containers.

•	 Do	not	remove	the	labels.	

•	 Keep	lids	tightly	closed.	

•	 Check	containers	frequently	for	leaks.

•	 Clean	up	spilled	chemicals	promptly	
and properly. Dispose of broken or 
damaged containers and any pesticide 
waste in an approved and safe manner 
as directed on the product label.

•	 Keep	an	inventory	of	all	chemicals.	
Mark each container with the year of 
purchase.

•	 Inform	your	local	fire	department	of	
any chemicals (including fertilizers) 
stored in large quantity.

Safe Disposal of Pesticides

•	 Read	the	pesticide	label	for	specific	
disposal instructions.
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•	 Avoid	disposal	problems	by	purchasing	
only the amount of material needed for 
one growing season. Do not stockpile.

•	 Use	proper	personal	protective	cloth-
ing and equipment when you dispose 
of pesticide wastes and containers.

•	 Mix	only	the	amount	of	pesticide	
required for a particular application. 
If you mix too much, use the surplus 
by applying the material at the recom-
mended rate to one of the crops listed 
on the label.

•	 Do	not	dump	pesticides	or	pesticide	
rinsates on the ground or pour them 
down sinks, toilets, or other drains, 
including storm sewers.

•	 Pressure	rinse	or	triple	rinse	empty	pes-
ticide containers with water and pour 
the rinse water into the spray tank. 
Drain 30 seconds each time.

•	 After	rinsing	metal,	plastic,	or	glass	
containers, puncture, break, crush, or 
in some way render unusable. Recycle 
plastic containers through the Plastic 
Pesticide Container Recycling Program 
sponsored by the Pennsylvania Depart-
ment of Agriculture (PDA). Contact 
your regional PDA office for further 
information. Disposal in a sanitary 
landfill is desirable if conducted in ac-
cordance with local regulations. 

•	 If	stated	on	the	label	and	permitted	by	
local ordinances, combustible contain-
ers can be burned. However, do not 
burn pesticide containers near resi-
dential areas or where the smoke can 
contact humans. Avoid exposure to the 
smoke; it may contain toxic vapors. Bury 
the ashes, since they also may be toxic.

•	 Send	large	metal	drums	to	a	recondi-
tioning company.

•	 Before	disposing	of	pesticide	concen-
trates, check with PDA’s CHEMSWEEP 
Program, which provides disposal 
options for unwanted and outdated 
pesticide concentrates free of charge.

•	 Do	not	reuse	empty	pesticide	contain-
ers for any purpose. 

•	 Clean	up	thoroughly	after	handling	
and disposing of pesticides.

Current Status of Restricted-Use 
Pesticides In Pennsylvania
Under the authority of the amended 
Pennsylvania Pesticide Control Act of 
1973 and the amended Federal Insec-
ticide, Fungicide, and Rodenticide Act 

(FIFRA), applicators who apply restricted-
use pesticides (RUPs) in the production 
of an agricultural crop must be certified 
as a private applicator or must work un-
der the direct supervision of a certified 
applicator. Furthermore, only certified ap-
plicators can purchase restricted-use pesti-
cides. The pesticide dealer is required 
by law to record the name, address, and 
certification number of the purchaser of 
RUPs, as well as the identity of the prod-
uct, amount sold, and date of purchase. 
Commercial and public pesticide applica-
tors must be certified to use both general 
and restricted use pesticide products. 

The official list of Pennsylvania’s RUPs 
includes all pesticide products designated 
as restricted-use by the U.S. Environmen-
tal Protection Agency, and, in the interest 
of the public health and welfare of the 
citizens of the Commonwealth, any other 
product designated for restricted-use by 
the secretary of agriculture, Common-
wealth of Pennsylvania. If a pesticide is 
restricted-use it will be clearly marked on 
the label. 

Worker Protection Standard for 
Agricultural Pesticides
In 1992, the U.S. Environmental Protec-
tion Agency (EPA) revised its Worker 
Protection Standard (WPS), which ad-
dresses the protection of agricultural 
workers from pesticide exposure (40 CFR 
Part 170). The WPS includes require-
ments designed to reduce the risks of 
illness or injury to agricultural workers 
and pesticide handlers from occupational 
or accidental exposure to pesticides in 
the production of agricultural plants on 
farms and in nurseries, greenhouses, and 
forests. 

The WPS expands the scope of prior 
worker protection regulations to identify 
two types of agricultural employees:
•	 pesticide handlers—those who handle 

agricultural pesticides (mix, load, 
apply, clean or repair contaminated 
equipment, act as flaggers, etc.)

•	 agricultural workers—those who 
perform tasks related to the cultivation 
and harvesting of plants on farms or 
in greenhouses, nurseries, or forests 
where pesticides are used

The WPS holds growers/employers re-
sponsible for compliance. The regulations 
expand requirements for the employer to 
make sure that employees are provided 
with the following:
•	 Warnings	about	pesticide	applications

•	 Clean	and	properly	maintained	per-
sonal protective equipment (PPE), 
which employers must ensure is used

•	 Restrictions	on	reentry	by	personnel	
to treated areas (all pesticides used on 
farms and in forests, nurseries, and 
greenhouses have specific restricted 
entry intervals (REIs) that are listed on 
the label under the “Agricultural Use 
Requirements” section)

•	 Decontamination	facilities

•	 Pesticide	safety	training	and	informa-
tion

•	 Notification	of	pesticide	applications	
and information about the pesticide(s) 
used

•	 Maintained	contact	with	handlers	when	
applying highly toxic pesticides

•	 Emergency	assistance	when	required	

•	 A	pesticide	safety	poster	placed	in	an	
area where it can be seen easily by all 
workers and handlers

•	 Information	for	pesticide	handlers	and	
early entry workers about pesticide 
label safety information

•	 A	centrally	located	listing	of	recent	
pesticide applications on the premises

Under WPS, labels now include state-
ments specifying personal protective 
equipment, restricted-entry intervals 
(REIs), and (on some pesticide labels) a 
requirement to provide both oral warn-
ings and posting of treated areas.

EPA developed these regulations with 
the non-English-speaking worker specifi-
cally in mind. Safety warnings, informa-
tion, and training must be given in “a 
manner the worker can understand.”

The Pesticide Safety Fact Sheet “EPA 
Worker Protection Standard for Agricul-
tural Pesticides” describes these require-
ments in some detail. It is available online 
at extension.psu.edu/pesticide-education 
/applicators/fact-sheets.

http://extension.psu.edu/pests/pesticide-education/applicators/fact-sheets
http://extension.psu.edu/pests/pesticide-education/applicators/fact-sheets
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A well-planned pest management 
program for corn involves using 
multiple strategies. These should 

include preventive techniques such as 
monitoring, cultural controls, mechanical 
or physical controls, biological controls, 
host-plant resistance, and chemical con-
trol tactics. Preventive techniques may 
start with planting weed-free crop seed or 
choosing an alternative field or planting 
date. Regularly monitoring for pests is an 
important predictive tool. Rotating crops 
to disrupt pest life cycles and planting 
adapted varieties are good examples of 
cultural controls. Mechanical or physical 
controls may include tillage and mowing 
to disrupt certain pests. Biological con-
trols may include using insect or disease 
organisms or even grazing animals in 
pasture production systems. New hybrids 
are available that have built in protection 
from numerous pests. Finally, chemical 
controls are an important component of 
many IPM systems, but their use should 
be based on sound management deci-
sions. See Part 2, Section 1 of this guide 
for more information about designing an 
integrated pest management program.

This guide provides chemical control 
suggestions based on university research 
and manufacturer recommendations. 
Management information for common 
corn pest problems is outlined in the 
following pages under “Weeds,” “Insects,” 
and “Diseases.” For more information on 
corn management and hybrid selection, 
see Part 1, Section 4. This publication 
strives for accuracy; however, omissions, 
inaccuracies, or dated information can 
occur because of the dynamics of pests 
and pest management. Seek out addition-
al information from the manufacturer or 
other reliable sources when making im-
portant management decisions. Remem-
ber, this guide is not a substitute for the 
manufacturer’s product label.

HERBICIDE- AND INSECT-
RESISTANT CORN HYBRIDS
Herbicide- and insect-resistance traits are 
available in several corn hybrids. Some 
of these traits are the result of transgenic 
events involving introduction or transfer 
of one or more genes from a different 
plant or organism. Consumer concern 
about these transgenic crops has affected 
some export markets. Overreliance on 
glyphosate-resistant crop varieties, mainly 
soybeans and corn, and associated glypho-
sate use has led to widespread evolution 
of glyphosate-resistant weeds, which are 

forcing growers to consider other ap-
proaches for managing weeds in no-till 
fields. Similarly, widespread reliance on 
Bt corn hybrids to target corn rootworms 
appears to have led to evolution in at 
least 12 states, including Pennsylvania, of 
populations of western corn rootworm that are 
resistant to some Bt toxins (thus far, Cry3Bb1 
and mCry3A). Aside from transgenic 
manipulations, other herbicide- or insect-
resistance traits can result from more 
traditional plant breeding techniques; the 
marketability of these crops has not been 
affected by consumer concern.

Information about herbicide or insect 
resistance, other agronomic traits, yield 
potential, and marketability is available 
for many of these hybrids. Others may be 
relatively new with little public exposure 
or performance information. Consult 
university variety testing results, other 
public variety tests, and local seed deal-
ers for performance information about 
newer hybrids.

Transgenic Insect-Resistant Corn 
Varieties
Most seed companies offer transgenic 
corn hybrids that include a gene or genes 
from a soil bacterium called Bacillus 
thuringiensis (Bt). Depending on the sub-
species of the bacterium and the protein 
toxin it produces, the hybrid will provide 
protection against either European corn 
borer (ECB) and other caterpillar species 
or corn rootworms. Companies have also 
put both genes into the same hybrid to 
protect against both pests, calling these 
stacked-gene hybrids. They have also 
combined these same genes with the gene 
for Roundup Ready resistance. The Bt 
subspecies that produces toxins against 
European corn borer and several other 
Lepidoptera (moth and butterfly larvae) 
is kurstaki. Several types of crystalline 
protein toxins are produced by strains of 
this subspecies, including Cry1Ab (Yield-
Gard and Agrisure Corn Borer) and 
Cry1F (Herculex I). With the exception 
of the Herculex material, these hybrids 
provide protection against first- and 
second-generation European corn borer 
and suppression against fall armyworm, 
stalk borer, and corn earworm. Herculex 
also provides some protection against fall 
armyworm and black cutworm, but it is 
no longer reliable for controlling western 
bean cutworm. In fact, western bean cut-
worm appears to have evolved resistance 
against this trait, rendering it ineffective, 
particularly in the Great Lakes Region, 

including Michigan, New York, Ohio, and 
Ontario. Other subspecies of Bt produces 
toxins that are active against corn root-
worm larvae include Cry3Bb1 (YieldGard 
Rootworm), Cry34/35Ab1 (Herculex RW), 
mCry3A (Agrisure RW), and eCry3.1Ab 
(Duracade). The stacked-gene hybrids 
that provide resistance against a suite 
of caterpillar species above ground and 
corn rootworms below ground are widely 
available. Growers now also have access 
to products containing “Vip” genes, in-
secticidal genes that were also isolated 
from Bacillus thuringiensis; however, Vip 
genes produce a toxin different from 
the Cry proteins. The Vip3A protein is 
claimed to control a complex of cater-
pillars, including corn earworm, black 
cutworm, western bean cutworm, dingy 
cutworm, and stalk borers, and is likely to 
be stacked with Agrisure traits to provide 
a spectrum of control that includes ECB 
and rootworms. A listing of the various 
Bt traits and trait packages is available 
in a summary compiled by Dr. Christina 
Difonzo (Michigan State University). The 
most recent version available at the time 
of printing this guide (January 2018) is 
included as Table 2.2-24 at the end of this 
chapter.  

It is important to note that suspected 
resistance of western corn rootworm to 
Cry3Bb1, mCry3A, and/or Cry34/35Ab1 
has emerged in the past few years in at 
least twelve states, including New York 
and Pennsylvania. This widespread evolu-
tion of suspected resistance appears to 
have hastened the end of single-toxin 
varieties of corn targeting western corn 
rootworm, and companies are transition-
ing to providing only hybrids with two 
transgenes targeting rootworms.

Prior to widespread adoption of Bt vari-
eties, research conducted in Pennsylvania 
and Maryland suggests that, on average, 
European corn borer feeding caused 
about a 5.5 percent reduction in yield. 
When infestation levels are high, yield 
losses can reach as high as 30 percent, but 
this situation is rare. 

In 2012, 67 percent of field corn planted 
in the United States was transgenic for Bt 
traits. Adoption rates for individual states 
have been even higher. These high adop-
tion rates have suppressed populations of 
ECB, the pest against which Bt varieties 
were first deployed. In fact, in many parts 
of the country ECB populations have 
reached historic lows. Moreover, similar 
trends in populations of corn rootworms 
may also be developing. Therefore, grow-
ers need to understand their local pest 
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populations to determine whether the 
Bt technology is necessary and vital for 
their profitability. We strongly suggest that 
growers consider evaluating the pest popu-
lations annually in their non-Bt refuge 
acreage or plant a specific non-Bt test strip 
to track ECB or rootworm populations. 
For rootworms, remember that this pest 
is problematic in Pennsylvania only for 
continuous corn production. If you are in 
Pennsylvania and not growing corn year 
after year, you do not need to purchase 
seeds with this trait.

Because not all fields experience a yield 
loss from ECB, a key issue is identifying 
fields that will benefit most from the Bt 
traits. Planting some non-Bt corn annually 
is an obvious way to understand your local 
populations, but the following criteria can 
help determine if you are likely to gain an 
economic benefit from a Bt corn hybrid:
•	 A	history	of	significant	ECB	damage	in	

your area indicates that conditions can 
be conducive to the pest.

•	 Early	planted	long-season	hybrids	that	
pollinate during early to mid-August 
will be attractive to both first- and 
second-generation ECB.

•	 Fields	planted	in	low	areas	along	
streams and rivers are more susceptible 
to ECB.

•	 Fields	managed	for	high	yield	or	at	
higher population levels will benefit 
more from the technology than those 
with a low yield potential (for example, 
3 percent of 150-bushel-per-acre corn 
is greater than the same percentage of 
100-bushel-per-acre corn).

•	 Corn	fields	grown	for	grain	will	benefit	
more than those grown for silage. 
Silage tended to be harvested before 
ECB causes ear drop and stalk break-
age, which are a significant component 
of losses caused by the pest.
As mentioned above, a key aspect of 

assessing the need for Bt corn is to assess 
the level of ECB and corn rootworm dam-
age in the previous year. Bt corn hybrids 
vary in other agronomic traits such as 
yield, moisture, drought tolerance, and 
disease resistance, so you should consider 
these factors as well in the hybrid selec-
tion process. As is the case with normal 
hybrids, the use of Bt hybrids also should 
be based on performance data.

A concern with the use of Bt hybrids is 
the potential development of resistance 
by the corn borer or corn rootworm. Be-
cause of this, seed companies have been 
mandated to develop resistance manage-

ment plans for the use of Bt hybrids. 
Resistance management plans vary among 
companies, but when they were first intro-
duced farmers were required to plant a 
“structured” or “block” refuge by leaving 
some areas in a Bt-planted field—at least 
5–20 percent of the field, depending on 
the hybrid—or in a nearby field planted 
to non-Bt corn hybrids to allow suscep-
tible genetic types of ECB or corn root-
worms to survive and mate with resistant 
individuals that survive on Bt corn. This 
structured refuge option is still available 
to growers, but now growers also have the 
option of planting an “integrated” refuge 
by purchasing mixtures of Bt and non-Bt 
corn, often referred to as “refuge-in-the-
bag” (RIB). In these RIB products, the 
non-Bt seed accounts for 5–10 percent 
of the seed in the bag, and the lower 
refuge required is partially attributable to 
the Bt seed in these products having two 
transgenes targeting the different pest 
guilds. Growers who use this technology 
should check with their seed dealers on 
the insect resistance management (IRM) 
options that are available and how to 
implement them properly. 

The corn rootworm Bt hybrids provide 
protection for the root system against 
the pest’s feeding. Field evaluations sug-
gest that under moderate to heavy corn 
rootworm pressure, corn plant height is 
significantly reduced over the protected 
Bt hybrids and protection of the root-
worm system significantly reduced the 
frequency of stalk lodging. The corn 
rootworm hybrids only provide protection 
for the root system from larval feeding 
and do not reduce adult feeding activ-
ity in the field. Therefore, the Bt corn 
rootworm hybrids should be considered 
as alternatives to at-planting-time insec-
ticide applications for protection against 
larval feeding and not as an adult control 
alternative. As mentioned above, some 
Pennsylvania growers appear to have 
suffered from populations of western 
corn rootworms that have evolved some 
resistance to some of the Bt toxins—this 
issue of course complicates rootworm 
management. The national recommenda-
tion is to rotate crops as much as possible 
to avoid rootworms. Alternatively, farmers 
should strive to grow no more than two 
to three years of corn in each field, and 
when rootworms need to be managed use 
pyramided Bt varieties, which contain at 
least two Bt genes targeting rootworms. 
All hybrids that have the Bt rootworm 
gene will have their seeds treated with 

neonicotinoid seed treatments, either 
Cruiser or Poncho, for control of second-
ary soil pests, though the evidence that 
these seed-applied insecticides are vital 
for productivity remains thin.

As with the Bt hybrids for European 
corn borer protection, all fields will not 
necessarily benefit from the rootworm-
resistant technology. In Pennsylvania, 
rootworm damage can easily be managed 
with crop rotation. In the Midwest, many 
states have experienced heavier-than-
expected damage from western corn 
rootworm larvae in their continuous corn 
acreage despite using Bt varieties target-
ing this pest species. As mentioned above, 
these populations are resistant to some of 
the rootworm traits, particularly the Yield-
Gard trait (the Cry3Bb1 protein), mCry3A 
(Agrisure RW), and Cry34/35 (Herculex 
RW); therefore, continued use of these 
products in continuous corn acreage 
may threaten their viability. To avoid 
difficulty from resistant populations of 
rootworms, we strongly recommend rotat-
ing corn with other crops (e.g., soybeans, 
sorghum, alfalfa) to avoid long-term 
selection pressures for resistant rootworm 
populations. If continuous corn is neces-
sary for particular growers, consider limit-
ing corn to two years of production in any 
one field. Alternatively, consider using 
Bt varieties with different Cry proteins 
to avoid continual pressure with a single 
trait. In potentially problematic fields, 
continuous corn growers also might con-
sider the option of foregoing Bt varieties 
targeting rootworms and plant with a soil 
insecticide. In the Midwest there is also a 
variant of western corn rootworm that lays 
its eggs in soybean fields so that larvae 
emerge in corn fields in the typical two-
crop corn-soybean rotation. Moreover, a 
variant of northern corn rootworm has 
developed an extended two-year dia-
pause, allowing it to similarly overcome 
the corn-soybean rotation. These two vari-
ants do not occur in Pennsylvania and are 
unlikely to develop here given the more 
complex rotations typically employed 
by Pennsylvania farmers. If growers are 
committed to growing continuous corn, 
determining the likelihood of economic 
gain from the Bt technology against corn 
rootworms can be accomplished by us-
ing an IPM approach. During late July 
and August, fields should be scouted to 
determine whether rootworm adult popu-
lations exceed the economic threshold. 
Fields exceeding the economic threshold 
of 1.0 beetle per plants are good candi-
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dates for the technology; however, keep 
in mind that extended use of the same 
tactic year after year may favor localized 
resistance to particular tactics.  

WEEDS
Integrated Weed Management
An integrated approach to managing 
weeds in corn includes using cultural 
weed control, mechanical controls where 
applicable, and the judicious use of her-
bicides. Corn fields that are weed free 
for the first 4 to 6 weeks after planting 
will often yield the same as fields that are 
weed free for the entire growing season. 
This approach relies on starting with a 
clean seedbed and using residual soil-
applied herbicides or mechanical control. 
Weeds that germinate with the crop but 
are controlled in a timely fashion (4 to 
5 weeks after planting) will also not im-
pact final yields. This POST herbicide 
approach relies on effective and timely 
postemergence weed control. Also, it is 
not necessary to control all weeds in a 
field to achieve maximum yield. However, 
certain weeds can still be problematic at 
harvest even at low levels (e.g., burcu-
cumber). Weed populations of one to two 
weeds per 10 square feet are sufficient to 
cause severe yield loss depending on the 
species. However, weed populations at 
one plant per 100 square feet will have no 
impact on final yield. The impact of weed 
populations between one and ten per 
100 square feet is difficult to predict. The 
decision to treat the field depends on the 
weed species present, crop vigor, weather 
conditions, and herbicide cost. For more 
comprehensive discussion of integrated 
weed management see the Integrated Weed 
Management Guide for Mid-Atlantic Grain 
Crops. 

Chemical Weed Control
Herbicides are useful tools in most weed 
management programs. This chapter 
will focus on herbicides available for use 
in corn. They should be used to supple-
ment, not replace, other methods or tools 
available. The following are definitions 
of terms you will find in this and similar 
publications on herbicides:

Early preplant (EPP). The herbicide is ap-
plied at least 14 days before planting. EPP 
applications are generally used in no-till 
systems to control existing vegetation and 
provide residual control of early emerg-
ing weed species.

Preplant. The herbicide is applied from 
0 to14 days before planting. Preplant 
applications are generally used in no-till 
systems to control emerged weed species.

Preplant incorporated (PPI). The herbi-
cide is applied to the soil after primary 
tillage, but before planting, and mechani-
cally mixed with the top 1 to 3 inches of 
soil with one of a variety of secondary 
tillage implements.

Preemergence (PRE). The herbicide 
is applied to the soil after the crop is 
planted but before emergence. Rain-
fall or irrigation is needed to move the 
herbicide into the zone of weed seed 
germination before weed emergence 
for maximum effectiveness. If adequate 
rainfall for herbicide activation does not 
occur, a shallow cultivation or rotary hoe-
ing should be done to control weeds that 
have germinated. 

Postemergence (POST). The herbicide 
is applied to the foliage of the crop and 
weeds after they have emerged.

Post-directed (or directed). Refers to use 
of special spray equipment to direct the 
spray at the weeds but avoid it coming in 
contact with as much of the crop as pos-
sible.

Residual activity. Herbicides that can be 
taken up by a plant’s roots and shoots and 
injure or kill the plant. All soil-applied 
herbicides, as well as many postemer-
gence herbicides, have residual activity. 
Length of residual activity ranges from a 
few weeks to the entire growing season.

Translocated herbicide. These herbicides 
move throughout the plant and can cause 
injury to parts of the plants that do not 
come in direct contact with the herbicide 
spray.

Contact herbicide. These herbicides do 
not move throughout the plant. They 
cause injury only to those parts of the 
plant that come in contact with the spray. 
Spray coverage is more critical for contact 
than translocated herbicides.

Nonselective herbicide. This refers to 
herbicides that control a broad spectrum 
of plant species, including most crops 
and weeds. These herbicides are gener-
ally used with no-tillage production and 
sprayed prior to planting when control of 
all plants is required.

Herbicide-Resistant Varieties
Some corn hybrids have been genetically 
enhanced to withstand herbicide applica-
tions that previously would have injured 
or killed corn. Genetically enhanced 
varieties allow herbicides to be used that 
provide a broader spectrum of control 
than would otherwise be available. Herbi-
cide programs for genetically enhanced 
varieties also reduce the risk of crop in-
jury associated with herbicide programs 
for conventional varieties. 

LibertyLink corn is GMO to allow over-
the-top applications of Liberty (glufos-
inate) herbicide. This program should 
provide broad-spectrum control of annual 
broadleaves and grasses of low to moder-
ate pressure. Sequential applications or 
tank mixtures may be required for new 
weed flushes and perennials. This her-
bicide is becoming more important for 
the management of glyphosate-resistant 
weeds such as horseweed and Palmer 
amaranth.

Roundup Ready corn was developed 
using genetic engineering techniques. 
It has an altered target site not sensitive 
to glyphosate and allows for postemer-
gence applications of glyphosate directly 
to corn. Glyphosate-resistant weeds are 
becoming an increasing issue in Roundup 
Ready crops.

Enlist corn was developed using GMO to 
tolerate glyphosate and improve 2,4-D 
tolerance.

Herbicide-Resistant Weeds in 
Corn
Herbicide-resistant weeds are common 
in corn in the Mid-Atlantic region. Popu-
lations of herbicide-resistant weeds are 
selected for by repeated use of the same 
or similar herbicide over a period of time. 
Resistance is most likely to occur with 
residual herbicides having one specific 
mode of action. Weed species with a very 
high amount of seed production and a 
variable genetic pool are more likely to 
develop resistant populations—for exam-
ple, common lambsquarters and pigweed 
species. Resistance management requires 
using herbicides with multiple modes of 
action and integrating mechanical (till-
age and cultivation) and cultural weed 
control (cover crops, narrow row spacing, 
proper crop fertility, etc.) with chemical 
weed control. 

Triazine resistance. Weeds resistant to the 
Group 5 herbicides in the Mid-Atlantic 
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region include common lambsquarters, 
Palmer amaranth, redroot and smooth 
pigweed, horseweed, scattered popula-
tions of barnyardgrass, giant foxtail, 
goosegrass, and suspected populations of 
common ragweed and velvetleaf. Atrazine 
and simazine are the primary products 
that are problematic in corn. A number 
of POST products can provide good 
control of triazine-resistant (TR) weeds 
on corn.

For TR pigweed control, include a 
Group 15 herbicide for residual control 
(acetochlor, dimethanamid, metolachlor, 
or pyroxasulfone) at planting. The Group 
15 herbicides will suppress initial TR pig-
weed, but in most years a postemergence 
application of a non-triazine herbicide 
will be needed for full-season control. 

For TR lambsquarters, some of the 
Group 15 herbicides will help suppress 
emergence (acetochlor and pyroxasul-
fone), but they are not as active on lambs-
quarters as they are on pigweed. The 
Group 3 herbicide pendimethalin can 
provide good control of TR lambsquar-
ters when applied prior to emergence. 
In addition, residual control can be ob-
tained with products such as mesotrione 
or isoxaflutole.

ALS resistance. Weeds resistant to the 
Group 2 herbicides in the Mid-Atlantic 
region include several pigweed species, 
common and giant ragweed, common 
chickweed, horseweed, Italian ryegrass, 
giant foxtail, Johnsongrass, and shatter-
cane. The principal issue with most ALS-
resistant weeds in corn is lack of efficacy 
with POST ALS inhibitor products. For 
example, do not rely on nicosulfuron or 
rimsulfuron for POST control of resistant 
foxtail, Johnsongrass, or shattercane. ALS-
resistant Johnsongrass and shattercane 
are a particular concern as only glypho-
sate and glufosinate are available for 
POST control in corn. Also, ALS-resistant 
broadleaves will not be controlled with 
halosulfuron or other Group 2 herbi-
cides. 

Glyphosate resistance. Weeds resistant 
to the Group 9 herbicide glyphosate in 
the Mid-Atlantic region include Palmer 
amaranth and waterhemp, common and 
giant ragweed, and horseweed. In corn, 
all of these can be managed with alterna-
tive herbicides, including the Group 4 
growth regulators, the triazines if they are 
not Group 5 resistant, and several others, 
including the Group 27 herbicides such 
as mesotrione and isoxaflutole. 

Control of Roundup Ready Corn: 
Volunteers or Replanting
There are times when corn has to be 
removed from a field with the intention 
of replanting a corn crop. Tillage is one 
effective method, but it is not appropriate 
in no-tillage situations. Use of glyphosate 
is highly effective for non–Roundup 
Ready corn. But, the challenge is in re-
moving Roundup Ready hybrids. There 
are limited herbicides to consistently kill 
small corn plants. Gramoxone SL, Lib-
erty, and Select are three products that 
have shown the most activity. Research 
conducted in this region with Gramox-
one and Select demonstrated that Select 
was the most effective for corn 2 to 3 
inches tall. For taller corn (4 to 6 inches 
tall), Gramoxone in combination with a 
photosystem II–inhibiting herbicide (me-
tribuzin, Lorox, or atrazine) was the most 
effective. Liberty is a third option, but it 
will not control LibertyLink hybrids.

Select Max. Up to 6 ounces of Select Max 
with a nonionic surfactant at 0.25 percent 
v/v plus AMS at 2.5 to 4 pounds per acre. 
Do not use a COC or MSO. Wait a mini-
mum of 6 days from time of application 
until planting corn due to risk of crop 
injury. (Select Max will also control corn 
hybrids containing Roundup Ready and 
LibertyLink stacked traits.)

Gramoxone SL. 3 to 4.5 pints per acre 
in combination with metribuzin (4 to 6 
ounces per acre), Lorox (1 pint per acre), 
or atrazine (1 pound per acre). These 
photosystem II inhibitors are not added 
to control the corn but used to slow down 
the Gramoxone activity, which helps pro-
vide more consistent control.

Liberty 280. 22 to 29 ounces of Liberty 
has not been as consistent for control 
corn as Gramoxone. 
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(continued)

Table 2.2-1. Corn herbicides and their restrictions.

Trade Name Common Name
Site of Action 

Number Manufacturer
Restricted- 
use Pesticide1

Water Quality  
Advisory2

Worker  
Reentry 
(Hours)3

2,4-D amine 4S 2,4-D amine 4 several — — 48
2,4-D LVE 4E 2,4-D LVE 4 several — — 12
Aatrex, Atrazine 4L/90DF atrazine 5 Syngenta, others yes yes 12
Accent Q 54.5WG nicosulfuron + safener 2 Corteva — — 4

Acuron 3.44SC S-metolachlor + atrazine + mesotrione + 
bicyclopyrone

15/5/27/27 Syngenta yes yes 24

Acuron Flexi 3.26SC S-metolachlor + mesotrione + bicyclopyrone 15/27/27 Syngenta yes yes 24
Aim 1.9EW/2EC carfentrazone-ethyl 14 FMC — — 12
Anthem 2.15SE/Anthem Maxx 
4.3SC pyroxasulfone + fluthiacet 15/14 FMC — yes 12

Anthem ATZ 4.5SE pyroxasulfone + fluthiacet + atrazine 15/14/5 FMC yes yes 12

Anthem Flex 4SE pyroxasulfone + carfentrazone 15/14 FMC — yes 12

Armezon 2.8SC topramezone 27 BASF — — 12

Armezon PRO 5.35EC topramezone + dimethenamid-P 27/15 BASF — yes 12
Autumn Super 51WDG iodosulfuron + thiencarbazone 2/2 Bayer CropScience — — 12
Axiom 68DF flufenacet + metribuzin 15/5 Bayer CropScience — yes 12
Balance Flexx 2SC isoxaflutole + safener 27 Bayer CropScience yes yes 12
Banvel 4S dicamba 4 Arysta LifeScience — yes 24
Basagran 4S bentazon 6 Arysta LifeScience — yes 12
Basis Blend 30DF rimsulfuron + thifensulfuron 2/2 Corteva — — 4
Bicep II Magnum 5.5L/Cinch ATZ S-metolachlor + atrazine + safener 15/5 Syngenta/Corteva yes yes 24
Bicep Lite II Magnum 6L/Cinch 
ATZ Lite S-metolachlor + atrazine + safener 15/5 Syngenta/Corteva yes yes 24

Cadet 0.91EC fluthiacet 14 FMC — yes 12
Callisto 4SC mesotrione 27 Syngenta — — 12
Callisto Xtra 3.7SC mesotrione + atrazine 27/5 Syngenta yes yes 12
Capreno 3.45SC tembotrione + thiencarbazone + safener 27/2 Bayer CropScience — yes 12
Clarity 4S dicamba 4 BASF — yes 24
Corvus 2.63SC isoxaflutole + thiencarbazone + safener 27/2 Bayer CropScience yes yes 12
Curtail 2.38L clopyralid + 2,4-D 4/4 Corteva — — 48
Defol 5L sodium chlorate not classified Drexel — — 12
Degree Xtra 4.04ME acetochlor + atrazine 15 Bayer CropScience yes yes 12
DiFlexx 4SC dicamba + safener 4 Bayer CropScience — yes 24
DiFlexx Duo 1.53SC dicamba + tembotrione + safener 4/27 Bayer CropScience — yes 24
Distinct 70DF dicamba + diflufenzopyr 4/19 BASF — yes 12
Dual Magnum 7.62E S-metolachlor 15 Syngenta — yes 24
Dual II Magnum 7.64E/Cinch S-metolachlor + safener 15 Syngenta/Corteva — yes 24
Durango DMA/Duramax 4S glyphosate 9 Corteva — — 4
Elevore halauxifen 4 Corteva — yes 12
Engenia 5SL dicamba (BAPMA salt) 4 BASF yes yes 24
Enlist Duo 3.3SL 2,4-D choline + glyphosate 4/9 Corteva — — 48
Enlist One 3.8SL 2,4-D choline 4 Corteva — — 48
Evik 80W ametryn 5 Syngenta — — 12
Expert 4.88L atrazine + S-metolachlor + glyphosate 5/15/9 Syngenta yes yes 12
FeXapan 2.9SL dicamba 4 Corteva yes yes 24
Fierce 76WDG pyroxasulfone + flumioxazin 15/14 Valent — yes 12
FulTime NXT 4.04EC acetochlor + atrazine 15/5 Corteva yes yes 12
Gramoxone SL 2S paraquat 22 Syngenta yes — 12–24
Guardsman Max 5L/G-Max Lite 5L dimethenamid-P + atrazine 15/5 BASF yes yes 12
Halex GT 4.39EC S-metolachlor + mesotrione + glyphosate4 15/27/9 Syngenta — yes 24
Harmony Extra SG 50WDG thifensulfuron + tribenuron 2/2 Corteva — — 12
Harmony SG 50WDG thifensulfuron 2 Corteva — — 4
Harness 7E acetochlor + safener 15 Bayer CropScience — yes 12
Harness MAX 3.85L acetochlor + mesotrione 15/27 Bayer CropScience — yes 12
Harness Xtra 5.6/6L acetochlor + atrazine 15/5 Bayer CropScience yes yes 12
Impact 2.8SC/Armezon topramezone 27 AMVAC/BASF — — 12
ImpactZ 4.26SC topramezone + atrazine 5/27 AMVAC yes yes 12
Instigate 46 WDG rimsulfuron + mesotrione 2/27 Corteva — — 12
Keystone LA NXT 6SE/Breakfree 
NXT Lite acetochlor + atrazine 15/5 Corteva yes yes 12

http://www.omri.org
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Table 2.2-1. Corn herbicides and their restrictions (continued).

Trade Name Common Name
Site of Action 

Number Manufacturer
Restricted-
Use Pesticide1

Water Quality 
Advisory2

Worker  
Reentry 
(Hours)3

Keystone NXT 5.6SE/Breakfree 
NXT ATZ acetochlor + atrazine 15/5 Corteva yes yes 12

Laudis 3.5SC tembotrione 27 Bayer CropScience — yes 12
Liberty 280 2.34L5/Rely 280 glufosinate 10 BASF — — 12
Lightning 70DG6 imazethapyr + imazapyr 2/2 BASF — yes 12
Lorox 50DF/Linex 4L linuron 5 Nova Source — — 24
Lumax EZ 3.67 SC/Lexar EZ 3.7SC S-metolachlor + mesotrione + atrazine 15/27/5 Syngenta yes yes 24
Maestro 2E/Moxy (Buctril) bromoxynil 6 Nufarm/WinField — — 24
Marksman 3.2L dicamba + atrazine 4/5 BASF yes yes 48
Metribuzin 75DF/4L metribuzin 5 various — yes 12
NorthStar 47.4WG primisulfuron + dicamba 2/4 Syngenta — — 12
Outlook 6EC dimethenamid-P 15 BASF — yes 12
Panoflex 50WDG thifensulfuron + tribenuron 2/2 Corteva — — 12
Peak 57WG prosulfuron 2 Syngenta — yes 12
Permit 75WG halosulfuron 2 Gowan — — 12
Permit Plus 74WDG halosulfuron + thifensulfuron 2/2 Gowan — — 12
Prequel 45WG isoxaflutole + rimsulfuron 27/2 Corteva yes yes 12
Princep 4L/Simazine 90DF simazine 5 Syngenta, others — yes 12
Prowl 3.3E pendimethalin 3 BASF — — 24
Prowl H2O 3.8CS pendimethalin 3 BASF — — 24
Python 80WDG/Accolade flumetsulam 2 Corteva/FMC — yes 12
Ready Master ATZ 4L glyphosate + atrazine 9/5 Bayer CropScience yes yes 12
Realm Q 39WDG rimsulfuron + mesotrione + safener 2/27 Corteva — yes 12

Resicore 3.29SE acetochlor + mesotrione + clopyralid + 
safener

15/27/4 Corteva — yes 12

Resolve 25DF rimsulfuron 2 Corteva — — 4
Resolve Q 22.4WDG rimsulfuron + thifensulfuron + safener 2/2 Corteva — — 4
Resource 0.86EC flumiclorac 14 Valent — — 12
Revulin Q 51.2WDG nicosulfuron + mesotrione 2/27 Corteva — — 12
Roundup WeatherMAX 4.5S/ 
PowerMAX 4.5S glyphosate 9 Bayer CropScience — — 4

Sequence 5.25EW glyphosate + S-metolachlor 9/15 Syngenta — yes 24
Sharpen 2.85SC saflufenacil 14 BASF — yes 12
Shieldex 400SC tolpyralate 27 Summit Agro — yes 12
Solstice 4SC fluthiacet + mesotrione 14/27 FMC — — 12
Starane Ultra 2.8L fluroxypyr 4 Corteva — — 12
Status 56WG dicamba + diflufenzopyr + isoxadifen 4/19 BASF — yes 12
Steadfast Q 37.7WG nicosulfuron + rimsulfuron + safener 2/2 Corteva — — 4
Stinger 3S clopyralid 4 Corteva — yes 12
Stout 72.5WDG nicosulfuron + thifensulfuron 2/2 Corteva — — 4

SureStart II 4.25SE/TripleFLEX II acetochlor + flumetsulam + clopyralid 15/2/4 Corteva/Bayer 
CropScience — yes 12

Surpass NXT 7E/Breakfree NXT acetochlor + safener 15 Corteva — yes 12
TopNotch 3.2ME acetochlor + safener 15 Corteva — yes 12
Touchdown HiTech 5S glyphosate 9 Syngenta — — 12
Touchdown Total 4.17S glyphosate 9 Syngenta — — 12
ValorSX 51WDG flumioxazin 14 Valent — — 12
Verdict 5.57EC saflufenacil + dimethenamid-P 14/15 BASF no yes 12
Warrant 3CS acetochlor 15 Bayer CropScience — yes 12
XtendiMax 2.9SL dicamba 4 Bayer CropScience yes yes 24
Yukon 67.5WDG halosulfuron + dicamba 2/4 Gowan — — 12
Zemax 3.67SC S-metolachlor + mesotrione 15/27 Syngenta — yes 24
Zidua 85WDG pyroxasulfone 15 BASF — yes 12
Zidua SC 4.17L pyroxasulfone 15 BASF — yes 12

1. Only licensed applicators may purchase and apply restricted-use pesticides. To become licensed, contact your state Department of Agriculture.

2. These herbicides have properties that may result in groundwater or surface water contamination. Do not apply them in areas where soils are permeable or coarse and groundwater is near the surface. 
Practices should be followed to minimize the potential for dissolved runoff and/or runoff erosion. See the herbicide label for specific restrictions.

3. If soil-applied products are injected or incorporated at application time, under certain circumstances the Worker Protection Standard allows workers to enter the treated area if they will have no contact 
with anything that has been treated. Personal protective equipment is required for early entry to treated areas if contact with treated soil, plants, or water is involved.

4. For use on glyphosate-resistant corn hybrids only (Roundup Ready).

5. For use on glufosinate-resistant corn hybrids only (LibertyLink).

6. For use only on IMI (IR/IT) or Clearfield (CL) corn hybrids.
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(continued)

Table 2.2-2. Corn herbicide prepackaged mixes, or co-packs, and equivalents.

Trade Name
Components  
(ai/gal or lb)

Site of Action  
Number

If You Apply (per 
acre) You Have Applied (ai)

An Equivalent Tank  
Mixture of

Acuron 3.44SC 2.14 lb S-metolachlor 15

2.5 qt

1.34 lb S-metolachlor 1.4 pt Dual II Magnum 7.64E

0.24 lb mesotrione 27 0.15 lb mesotrione 4.8 fl oz Callisto 4SC

0.06 lb bicyclopyrone 27 0.038 lb bicyclopyrone 0.038 lb bicyclopyrone
1 lb atrazine 5 0.625 lb atrazine 0.625 qt atrazine 4L

Acuron Flexi 3.26SC 2.86 lb S-metolachlor 15

2 qt

1.43 lb S-metolachlor 1.5 pt Dual II Magnum 7.64E
0.32 lb mesotrione 27 0.16 lb mesotrione 5.12 fl oz Callisto 4SC
0.08 lb bicyclopyrone 27 0.04 lb bicyclopyrone 0.04 lb bicyclopyrone

Anthem ATZ 4.5SE 4 lb atrazine 5

2 pt

1 lb atrazine 2 pt atrazine 4L

0.485 lb pyroxasulfone 15 0.12 lb pyroxasulfone 3.7 fl oz Zidua 4.17SC

0.014 lb fluthiacet 14 0.004 lb fluthiacet 0.6 fl oz Cadet 0.91EC

Anthem Flex 4SE 3.733 lb pyroxasulfone 15
3.5 fl oz

0.102 lb pyroxasulfone 3.1 fl oz Zidua 4.17SC
0.267 lb carfentrazone 14 0.007 lb carfentrazone 0.47 fl oz Aim 2EC

Anthem Maxx 4.3SC 4.174 lb pyroxasulfone 15
4 fl oz 

0.133 lb pyroxasulfone 4.1 oz Zidua 4.17SC
0.126 lb fluthiacet 14 0.004 lb fluthiacet 0.56 oz Cadet 0.91EC

Armezon PRO 5.35EC 0.1 lb topramezon 27
24 fl oz

0.017 lb topramezon 0.76 fl oz Armezon 2.8SC

5.25 lb dimethenamid-P 15 0.84 lb dimethenamid-P 18 fl oz Outlook 6EC

Autumn Super 51WDG 0.06 lb iodosulfuron 2
0.4 oz

0.002 lb iodosulfuron 0.024 oz ai iodosulfuron
0.45 lb thiencarbazone 2 0.011 lb thiencarbazone 0.18 oz ai thiencarbazone

Axiom 68DF 0.544 lb flufenacet 15
16 oz

0.544 lb flufenacet 17 oz Define 4SC

0.136 lb metribuzin 5 0.136 lb metribuzin 2.9 oz Metribuzin 75DF

Basis Blend 30DF 0.20 lb rimsulfuron 2
0.825 oz

0.01 lb rimsulfuron 0.64 oz Resolve 25DF

0.10 lb thifensulfuron 2 0.005 lb thifensulfuron 0.16 oz Harmony SG 50DF

Bicep II Magnum 5.5L/ 
Cinch ATZ

2.4 lb S-metolachlor 15
2.1 qt

1.26 lb S-metolachlor 1.33 pt Dual II Magnum 7.64E
3.1 lb atrazine 5 1.63 lb atrazine 1.63 qt atrazine 4L

Bicep Lite II Magnum 6L/
Cinch ATZ Lite

3.33 lb S-metolachlor 15
1.3 qt

1.08 lb S-metolachlor 1.13 pt Dual II Magnum 7.64E
2.67 lb atrazine 5 0.87 lb atrazine 0.87 qt atrazine 4L

Callisto GT 0.38 lb mesotrione 27
2 pt

0.095 lb mesotrione 3.04 fl oz Callisto 4SC

3.8 lb glyphosate 9 0.95 lb glyphosate 1.8 pt Touchdown

Callisto Xtra 3.7SC 0.5 lb mesotrione 27
24 fl oz

0.09 lb mesotrione 3 fl oz Callisto 4SC
3.2 lb atrazine 5 0.6 lb atrazine 1.2 pt atrazine 4L

Capreno 3.45SC 2.88 lb tembotrione 27
3 fl oz

0.068 lb tembotrione 2.5 fl oz Laudis 3.5SC

0.57 lb thiencarbazone 2 0.013 lb ai thiencarbazone 0.21 oz ai thiencarbazone

Corvus 2.63SC 1.88 lb isoxaflutole 27
5.6 fl oz

0.083 lb isoxaflutole 5.3 fl oz Balance Flexx 2SC

0.75 lb thiencarbazone 2 0.033 lb thiencarbazone 0.52 oz ai thiencarbazone

Curtail 2.38L 0.38 lb clopyralid 4
2 pt

0.095 lb clopyralid 0.25 pt Stinger 3S

2 lb 2,4-D 4 0.5 lb 2,4D 1.0 pt 2,4-D 4S

Degree Xtra 4.04ME 2.7 lb acetochlor 15
3 qt

2.03 lb acetochlor 2.3 pt Harness 7E

1.34 lb atrazine 5 1 lb atrazine 1 qt atrazine 4L

DiFlexx Duo 1.53SC 1.26 lb dicamba 4
32 fl oz

0.32 lb dicamba 10.25 oz DiFlexx 4SC

0.27 lb tembotrione 27 0.068 lb tembotrione 2.5 fl oz Laudis 3.5SC

Enlist Duo 3.3SL 1.6 lb 2,4-D choline salt 4
4.75 pt

0.95 lb ae 2,4-D 30 fl oz Enlist One 3.8SL

1.7 lb glyphosate 9 1.0 lb ae glyphosate 32 fl oz Durango DMA

Expert 4.88L 1.74 lb S-metolachlor 15

3 qt

1.3 lb S-metolachlor 1.4 pt Dual Il Magnum 7.64E

2.14 lb atrazine 5 1.6 lb atrazine 1.6 qt atrazine 4L

0.75 lb ae glyphosate 9 0.75 lb glyphosate 1.5 pt glyphosate 4S

Fierce 76WDG 0.335 lb flumioxazin 14
3 oz

0.063 lb flumioxazin 2 oz Valor SX 51WG

0.425 lb pyroxasulfone 15 0.08 lb pyroxasulfone 1.5 oz Zidua 85WG

FulTime NXT 4.04CS 2.7 lb acetochlor 15
3 qt

2 lb acetochlor 2.5 qt TopNotch 3.2ME

1.34 lb atrazine 5 1 lb atrazine 1 qt atrazine 4L

Guardsman Max 5L 1.7 lb dimethenamid-P 15
3.5 pt

0.74 lb dimethenamid-P 15.9 fl oz Outlook 6EC
3.3 lb atrazine 5 1.44 lb atrazine 1.44 qt atrazine 4L

Halex GT 4.39EC 2.09 lb S-metolachlor 15

3.6 pt

0.94 lb S-metolachlor 1 pt Dual Magnum 7.62E

0.209 lb mesotrione 27 0.09 lb mesotrione 3 fl oz Callisto 4SC

2.09 lb glyphosate 9 0.94 lb glyphosate (ae) 24 fl oz Touchdown HiTech
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Table 2.2-2. Corn herbicide prepackaged mixes, or co-packs, and equivalents (continued).

Trade Name
Components  
(ai/gal or lb)

Site of Action  
Number

If You Apply  
(per acre) You Have Applied (ai)

An Equivalent Tank 
Mixture of

Harness MAX 3.85L 3.52 lb acetochlor 15
2 qt

1.76 lb acetochlor 2 pt Harness 7E

0.33 lb mesotrione 27 0.165 lb mesotrione 5.3 fl oz Callisto 4SC

Harness Xtra 6.0L 4.3 lb acetochlor 15
2 qt

2.15 lb acetochlor 2.46 pt Harness 7E

1.7 lb atrazine 5 0.85 lb atrazine 0.85 qt atrazine 4L

Harness Xtra 5.6L 3.1 lb acetochlor 15
2.5 qt

1.94 lb acetochlor 2.21 pt Harness 7E
2.5 lb atrazine 5 1.56 lb atrazine 1.56 qt atrazine 4L

ImpactZ 4.26SC 4 lb atrazine 5
10.7 fl oz

0.33 lb atrazine 10.6 fl oz atrazine 4L

0.26 lb topramezone 27 0.02 lb topramezone 1 fl oz Impact 2.8SC

Instigate 46WDG 0.0417 lb rimsulfuron 2
6 oz

0.016 lb rimsulfuron 1 oz Resolve 25WG

0.417 lb mesotrione 27 0.16 lb mesotrione 5 fl oz Callisto 4SC

Keystone LA NXT 6SE or 
Breakfree NXT Lite

4.3 lb acetochlor 15
2.3 qt

2.47 lb acetochlor 2.7 pt Surpass NXT 7EC

1.5 lb atrazine 5 1.43 lb atrazine 1.95 pt atrazine 4L

Keystone NXT 5.6SE or 
Breakfree NXT ATZ

3.1 lb acetochlor 15
2.5 qt

1.94 lb acetochlor 2.22 pt Surpass/Breakfree NXT

2.5 lb atrazine 5 1.57 lb atrazine 3.15 pt atrazine 4L

Lexar EZ 3.7SC 1.74 lb S-metolachlor 15

3 qt

1.3 lb S-metolachlor 1.36 pt Dual II Magnum 7.64E

0.224 lb mesotrione 27 0.168 lb mesotrione 5.36 oz Callisto 4SC

1.74 lb atrazine 5 1.3 lb atrazine 1.3 qt atrazine 4L

Lumax EZ 3.67SC 2.49 lb S-metolachlor 15

2.7 qt

1.67 lb S-metolachlor 1.75 pt Dual II Magnum 7.64E

0.249 lb mesotrione 27 0.168 lb mesotrione 5.36 oz Callisto 4SC

0.935 lb atrazine 5 0.625 lb atrazine 0.625 qt atrazine 4L

Marksman 3.2L 1.1 lb dicamba 4
3.5 pt

0.48 lb dicamba 0.96 pt Banvel 4S/Clarity 4S

2.1 lb atrazine 5 0.92 lb atrazine 1.84 pt atrazine 4L

NorthStar 47.4WDG 0.075 lb primisulfuron 2
5 oz

0.023 lb primisulfuron 0.5 oz Beacon 75WG

0.399 lb dicamba 4 0.138 lb dicamba 4 oz Banvel 4S/Clarity 4S

Permit Plus 74WDG 0.662 lb halosulfuron 2
0.75 oz

0.031 lb halosulfuron 0.67 oz Permit 75WG

0.078 lb thifensulfuron 2 0.004 lb thifensulfuron 0.12 oz Harmony 50SG

Prequel 45WG 0.15 lb rimsulfuron 2
1.66 oz

0.016 lb rimsulfuron 1 oz Resolve 25WG

0.30 lb isoxaflutole 27 0.04 lb isoxaflutole 0.66 oz isoxaflutole 75WG

Realm Q 38.75WDG 0.075 lb rimsulfuron 2
4 oz

0.019 lb rimsulfuron 1.2 oz Resolve 25WG

0.313 lb mesotrione 27 0.078 lb mesotrione 2.5 fl oz Callisto 4SC

Resicore 3.29SE 2.8 lb acetochlor 15

2.5 qt

1.75 lb acetochlor 2 pt Surpass NXT 7E

0.3 lb mesotrione 27 0.18 lb mesotrione 5.76 fl oz Callisto 4SC

0.19 lb clopyralid 4 0.119 lb clopyralid 0.3 pt Stinger 3S

Resolve Q 22.4WDG 0.184 lb rimsulfuron 2
1.25 oz

0.014 lb rimsulfuron 0.9 oz Resolve 25DF

0.04 lb thifensulfuron 2 0.003 lb thifensulfuron 0.1 oz Harmony 50SG

Revulin Q 51.2WDG 0.144 lb nicosulfuron 2
4 oz

0.036 lb nicosulfuron 1.1 oz Accent Q 54.5WG

0.368 lb mesotrione 27 0.094 lb mesotrione 3 fl oz Callisto 4SC

Solstice 4SC 0.216 lb fluthiacet 15
3 fl oz

0.0051 lb fluthiacet 0.7 fl oz Cadet 0.91EC

3.784 lb mesotrione 27 0.089 lb mesotrione 2.85 fl oz Callisto 4SC

Status 56WG 0.4 lb dicamba 4 0.125 lb dicamba 4 fl oz Banvel 4S

0.16 lb diflufenzopyr 19 0.05 lb diflufenzopyr 0.05 lb diflufenzopyr

Steadfast Q 37.7WG 0.125 lb rimsulfuron 2
1.5 oz

0.012 lb rimsulfuron 0.76 oz Resolve 25WG

0.252 lb nicosulfuron 2 0.02 lb nicosulfuron 0.7 oz Accent Q 54.5WG

Stout 72.5WDG 0.675 lb nicosulfuron 2
0.75 oz

0.031 lb nicosulfuron 0.67 oz Accent 75DF

0.05 lb thifensulfuron 2 0.002 lb thifensulfuron 0.05 oz Harmony 75DF

SureStart II 4.25SE or 
TripleFLEX II

3.75 lb acetochlor 15

2 pt

0.94 lb acetochlor 1.1 pt Surpass NXT 7E

0.29 lb clopyralid 4 0.075 lb clopyralid 3.2 fl oz Stinger 3S

0.12 lb flumetsulam 2 0.03 lb flumetsulam 0.6 oz Python 80WDG

Verdict 5.57EC 5 lb dimethenamid-P 15
13 fl oz

0.5 lb dimethenamid-P 11 fl oz Outlook 6EC

0.57 lb saflufenacil 14 0.058 lb saflufenacil 2.6 fl oz Sharpen 2.85L

Yukon 67.5WDG 0.125 lb halosulfuron 2
4 oz

0.03 lb halosulfuron 0.67 oz Permit 75WG

0.55 lb dicamba 4 0.125 lb dicamba 4 fl oz Clarity 4S

Zemax 3.67SC 3.34 lb S-metolachlor 15
2 qt

1.67 lb S-metolachlor 1.75 pt Dual II Magnum 7.64E

0.33 lb mesotrione 27 0.165 lb mesotrione 5.36 fl oz Callisto 4SC
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Table 2.2-3. Relative effectiveness of burndown treatments for control of weeds in no-till corn.

This table compares the relative effectiveness of herbicides on individual weeds. Ratings are based on labeled application rates and weed size or growth stage. Treatments are 
rated only for control of vegetation existing at the time of application.

Weed control rating:
10 = 95–100%  N = less than 55% or no control
9 = 85–95% — = not applicable or no local data available
8 = 75–85% + = upper end of rating scale
7 = 65–75% 
6 = 55–65%
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2,4-D (spring-applied) 
(1 qt) 4 N 7 6 8 7 N 9 6 N 7 — 6 N 8+ 9 9 N 9 7 8 6

2,4-D + dicamba 
(spring-applied) 4/4 N 8 8 8 7+ 6 9 8 N 7 7+ 7 6 9 9 9 N 9 9 8+ 7

Atrazine 5 7 6 8 N 6 N 7 7+ 7 N 9 9 8 8 N 8 8 9 9 6 8

Atrazine + 2,4-D 5/4 7 7+ 8 9 7 N 9 7+ 7 7 9 9 8 9 9 9 7 9 9 8+ 8

Autumn Super + 2,4-D 
(fall-applied) 2/4 N 9 94 9 7 N 9 8 N — — 8 9 9 — 9 N — — 6 6

Balance/Corvus/Prequel 27/(2) N 7 8 6 N N — 7 6 — — 8 7+ 7 7 8 N 7 6 6 6

Glyphosate (fall-
applied)5 9 9 8+ 9 9 7 8+ 7 8 — 9 8 9 8 N — 9 9 — — 9 7

Glyphosate (spring-
applied)5 9 9 7 9 6 6 7 6 7+ 9+ 8 7 9 6 N 9 9 8 9 7 8 6

Glyphosate + 2,4-D or 
dicamba (fall-applied) 9/4 9 9+ 9 9 7 9 9+ 96 — 9 8 9 8+6 96 — 96 9 — — 9+ 7

Glyphosate + 2,4-D 
or dicamba (spring-
applied)

9/4 9 7+ 9 8 7 7+ 9 8 9+ 8 7 9 8+ 9 9 9 9 9 8+ 8+ 8

Glyphosate + atrazine 9/5 9 7+ 9 7 6 N 6 7+ 9 8 7 9 9 8 9 9 9 9 9 8 8

Glyphosate + metribuzin 9/5 9 7 9 6 6 7 6 8 9 8 7 9 8+ N 9 9 9 9 9 8 8

Gramoxone 22 7 N 8+ N N 6 7 6 9 6 8 8+ 7 7 8 8 6 8 7 6 8

Gramoxone + 2,4-D or 
dicamba5 22/4 7 7 9 7 7 6 9 7 9 7 8 8+ 8 8+ 9 9 6 9 8+ 8 8+

Gramoxone + atrazine 22/5 8 6 9 N 6 6 7 7 9 6 8 8+ 9 8+ 8 8+ 8 9 9 7 8

Gramoxone +  
metribuzin 22/5 7 6 9 N N 6 7 6 9 6 8 8+ 8 8 8 8+ 6 9 9 6 8

Harmony Extra 2/2 N 6 9 6 8 6 — N N 8+ — 9 8 7+2 9 9 N 6 9 8 N

Liberty 10 6 6 8 6 — N — 8 8 — — 7 6 8 8 8 6 8 8 6 N

Lumax 15/5/27 N 8 9 8 8 N — 8 6 N 8+ 9 8 8 9 8 N 8+ 9 7 7

Sharpen 14 N N 6 7 — N N 7+ N — — 8 6 8 8 8 N 8 8 6 N

Sharpen + glyphosate 14/9 9 7 9 8 6 7 6 8 9+ — — 9 6 9 9 9 8 9 9 8 6

Valor SX/Fierce 14/(15) 87 N 9 7 N N 6 N N — — 7 7 6 9 8 N 7 7 N N

1. See Table 2.1-10 for additional formulations or trade names containing some of these same active ingredients.

2. Group 2 herbicides will not control ALS-resistant biotypes.

3. Certain populations of common groundsel in the northeastern U.S. are resistant to triazine herbicides. Herbicide programs that contain bromoxynil (Buctril, Maestro, Moxy) or clopyralid (Stinger) provide 
good control of groundsel in crop.

4. Roundup, Touchdown, and other glyphosate products are not effective on glyphosate-resistant horseweed biotypes.

5. Activity is reduced if applied in certain tank-mixes; glyphosate with photosynthesis inhibitors such as triazine herbicides; 2,4-D and Clarity with Gramoxone. May still be tank-mixed for convenience, but 
burndown is improved if applied separately.

6. Based on control in early spring. Emergence of seedlings in the spring will reduce effectiveness.

7. Valor provides control of germinating dandelion seedling; however, it is weak on dandelion when applied POST.
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Table 2.2-4. Effectiveness of herbicides for control of common cash or cover crops in spring before corn establishment. 

Weed Control rating:
10 = 95–100%     
9 = 85–95%
8 = 75–85%
7 = 65–75%
6 = 55–65%
N = less than 55%
+ = upper end of rating scale
— = not applicable or no local data available
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2,4-D ester
0.5 7+ N N 7 8 6 8 N N N 9
1 8 N N 8 9 7 9 N N N 10

2,4-D ester + dicamba 0.5 + 0.5 9+ N N 8+ 9 9 8 N N N 10

Atrazine
1 N 6 6 6 6 6 6 6 6 6 7
2 6 7 7 7 7 7 7 7 7 7 8

Clopyralid 0.25 8+ N N 8 9 9 N N N N 9
Dicamba 0.5 9 N N 8 9 9 7 N N N 9

Glyphosate
0.75 6 9 8 8 7 6 7+ 8 9 9 7
1.5 7 9+ 8+ 8+ 7+ 7 8+ 9 9 9 8

Glyphosate +  
2,4-D ester 0.75 + 0.5 8+ 9 8 9 8 8 9 8 9 9 10

or dicamba 0.75 + 0.5 9 9 8 9 9 9 8 8 9 9 10
Mesotrione + atrazine 0.168 + 1 7 6 6 8 7+ 7+ 8 6 6 6 7

Paraquat
0.5 N 7 6 8 7 7 8 6 7 8 7
0.75 N 7+ 7 9 8 7 8+ 6 8 8+ 8

Paraquat+ 
0.5 + 1 7 9 8 10 8+ 7 9 7 8+ 8+ 9

atrazine or
metribuzin or 0.25
Paraquat + 2,4-D or  dicamba 0.75 + 0.5 7+ 7 6 9 8+ 8 9 6 8 8+ 10

1. 0.75 lb glyphosate = 32 fl oz of a 41% glyphosate; 0.5 lb paraquat = 2 pt Gramoxone SL. Clopyralid is a component of Stinger, and SureStart/TripleFLEX.
2. Application in the fall can improve control with some herbicides.
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(continued)

Table 2.2-5. Comments on burndown herbicides for no-till corn.

See Table 2.2-3 for relative effectiveness of these treatments. May need to combine with residual treatment or postemergence program (Tables 2.2-8 and 2.2-13) for complete 
no-till weed control program.

Trade Name1 Common Name Site of Action Number Product/A lb ai/A

2,4-D LVE 4E 2,4-D ester 4 1–2 qt 1–2

Enlist One 3.8SL 2,4-D choline 4 1.5–2 pt 0.71–0.95

•	 Apply	7–14	days	before	planting	or	3–5	days	after	planting	for	greater	crop	safety.
•	 Plant	corn	at	least	1.5	inches	deep.
•	 This	product	is	poor	on	chickweed,	henbit,	and	red	deadnettle,	and	ineffective	on	all	grasses.
•	 Add	Clarity	(dicamba)	to	increase	efficacy	on	legume	sods.	A	combination	of	2,4-D	+	dicamba	controls	most	annual	broadleaf	weeds	and	alfalfa.	Emerged	perennial	broad-

leaves are partially controlled. This combination is fair on chickweed, henbit, and red deadnettle, and ineffective on all grasses.
•	 Spray	droplet	size	plays	an	important	role	in	minimizing	off-target	movement.	Nozzles	that	produce	extremely	coarse	or	ultra-coarse	droplets	while	limiting	the	amount	of	drift-

able fine droplets are necessary to limit spray drift. Comply with guidelines for drift management (see label for details).

Atrazine 90DF atrazine 5 1.8–2.2 lb 1.6–2

•	 Apply	1.6–2	qt	atrazine	4L	prior	to	planting.	
•	 Controls	small	emerged	annual	broadleaves	and	some	grasses.	
•	 Can	be	applied	in	liquid	nitrogen	as	the	carrier	to	improve	burndown	characteristics.	
Atrazine Use Restrictions
Preplant or Preemergence
•	 On	highly	erodible	soils	(as	defined	by	the	U.S.	Natural	Resources	Conservation	Service):
•	 Fields	where	more	than	30%	of	the	soil	surface	is	covered	with	plant	residue	at	planting,	apply	a	maximum	of	2	lb	of	active	ingredient	per	acre	as	a	broadcast	spray.
•	 Fields	where	less	than	30%of	the	soil	surface	is	covered	with	plant	residue	at	planting,	apply	a	maximum	of	1.6	lb	of	active	ingredient	per	acre	as	a	broadcast	spray.
•	 Apply	a	maximum	of	2	lb	of	active	ingredient	per	acre	as	a	broadcast	spray.
Postemergence
•	 If	no	atrazine	was	applied	prior	to	crop	emergence,	use	a	maximum	rate	of	2	lb	of	active	ingredient	per	acre.
•	 If	a	soil-applied	application	was	made	in	the	same	calendar	year,	the	combined	preplant	or	preemergence	and	postemergence	applications	may	not	exceed	2.5	lb	of	active	

ingredient per acre.
Safety Precautions for Using Atrazine
•	 Do	not	mix,	load,	or	apply	within	50	feet	of	drinking	water	wells,	livestock	wells,	agricultural	drainage	wells,	irrigation	wells,	abandoned	wells,	or	sinkholes.
•	 Do	not	mix	or	load	within	50	feet	of	intermittent	streams,	perennial	streams,	rivers,	lakes,	or	reservoirs.
•	 Do	not	apply	within	200	feet	of	lakes	or	reservoirs.
•	 Do	not	apply	within	66	feet	of	the	points	where	surface	water	runoff	enters	intermittent	streams,	perennial	streams,	or	rivers.	The	66-foot	buffers	should	be	planted	to	a	crop	

or seeded with grass on highly erodible land.
•	 Restricted-use pesticide and water quality advisory.

Autumn Super 51WDG
iodosulfuron 2

0.3–0.5 oz
0.001–0.002

thiencarbazone 2 0.01–0.014

•	 Autumn	Super	may	be	applied	after	fall	harvest	and	up	to	30	days	prior	to	corn	planting.	
•	 Do	not	apply	to	frozen	ground.	Apply	to	actively	growing	weeds.	
•	 Autumn	Super	will	provide	short-term	residual	control	of	small	seeded	broadleaves	but	will	not	provide	season-long	PRE	control	of	annual	grasses	and	broadleaf	weeds.	
•	 Apply	Autumn	Super	at	0.3–0.5	oz/A	plus	necessary	adjuvants.	
•	 For	enhanced	burndown	activity,	tank-mix	with	2,4-D,	glyphosate,	paraquat,	simazine,	or	metribuzin.	
•	 Be	cautious	of	crop	rotation	restrictions.

Clarity 4S dicamba (DGA salt)

4

0.5–1 pt 0.25–0.5 lb ae

Banvel 4S dicamba (DMA salt) 0.5–1 pt

Engenia 5SL dicamba (BAPMA salt) 6.4–12.8 fl oz

XtendiMax/FeXapan 2.9SL dicamba (DGA salt with  
VaporGrip Technology)

11–22 fl oz

•	 Apply	7–14	days	before	planting	or	3–5	days	after	planting	for	greater	crop	safety.
•	 Plant	corn	at	least	1.5	inches	deep.
•	 A	combination	of	2,4-D	+	dicamba	controls	most	annual	broadleaf	weeds	and	alfalfa.	Emerged	perennial	broadleaves	are	partially	controlled.	This	combination	is	fair	on	chick-

weed, henbit, and red deadnettle, and ineffective on all grasses. Applications should be made while annual weeds are small (4 inches) and actively growing.
•	 Spray	droplet	size	plays	an	important	role	in	minimizing	off-target	movement.	Nozzles	that	produce	extremely	coarse	or	ultra-coarse	droplets	while	limiting	the	amount	of	drift-

able fine droplets are necessary to limit spray drift. Comply with guidelines for drift management (see label for details).
•	 Dicamba	can	be	difficult	to	completely	remove	from	spray	equipment	and	residue	is	capable	of	injuring	sensitive	plants.	Follow	label	instructions	concerning	sprayer	cleanout.
•	 Engenia/FeXapan/XtendiMax are restricted-use products; all dicamba formulations have a water quality advisory.
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Table 2.2-5. Comments on burndown herbicides for no-till corn (continued).

Trade Name1 Common Name Site of Action Number Product/A lb ai/A

(continued)

Enlist Duo 3.3SL
2,4-D choline + 4

3.5–4.75 pt
0.7–0.95 ae

glyphosate 9 0.74–1 ae

•	 Can	be	used	as	a	burndown	application	to	corn	with	or	without	the	Enlist	trait	to	control	broadleaves	and	grasses.
•	 Apply	7–14	days	before	planting	for	greater	crop	safety.
•	 Do	not	apply	less	than	10	GPA	total	spray	solution	and	do	not	use	nitrogen	solutions	as	a	carrier.
•	 Comply	with	guidelines	for	drift	management	(see	label	for	details).
•	 For	best	results	do	not	apply	to	light	sandy	soils	as	a	PRE	application.
•	 Can	be	tank-mixed	with	residual	herbicides.

Expert 4.88L 

S-metolachlor + 15

2.5–3.75 qt

1.09–1.63

atrazine + 5 1.33–2

glyphosate 9 0.63–0.94 ae

•	 Expert	is	a	premix	of	metolachlor	(Dual	II	Magnum),	atrazine,	and	glyphosate.
•	 The	3	qt	rate	contains	1.3	lb	S-metolachlor, 1.6 lb atrazine, and 0.75 lb ae glyphosate. 
•	 Expert	can	be	used	as	a	burndown/PRE	program	in	corn	or	as	an	early	POST	application	in	Roundup	Ready	hybrids.	
•	 See	Expert	label	for	additional	information.	
•	 Restricted-use pesticide and water quality advisory.

Glyphosate2 glyphosate 9 See Table 2.1-8

•	 Fall	applications	of	glyphosate	are	better	than	spring	applications	for	control	of	orchardgrass	sods	and	quackgrass.	
•	 If	controlling	orchardgrass	sod	in	spring,	it	is	best	to	spray	when	sod	is	6	to	10	inches	tall.	
•	 Use	at	least	1.13	lb	ae	glyphosate	or	higher,	especially	if	tank-mixing	with	preresidual	herbicide	and	nitrogen	carriers.
•	 Spring	applications	may	be	used	for	control	of	annual	weeds.	
•	 Using	low-volume	sprays	may	allow	for	a	reduced	rate.	
•	 For	control	of	small	annual	weeds	or	volunteer	small	grains,	glyphosate	may	be	used	at	reduced	rates.	
•	 Can	be	tank-mixed	with	residual	herbicides	such	as	atrazine.	When	tank-mixing	glyphosate	with	residual	herbicides,	apply	in	10–20	gal	water/A	or	10–60	gal	liquid	fertilizer	

nitrogen/A.
•	 Adding	2,4-D	or	dicamba	improves	control	of	large	annual	broadleaf	weeds,	dandelion,	and	alfalfa.
•	 Glyphosate	may	be	applied	in	clear	liquid	nitrogen	fertilizers	and	clear	liquid	complete-analysis	fertilizers,	but	it	may	be	less	effective	on	certain	annual	grasses	and	perennials.	
•	 Do	not	use	glyphosate	with	suspension-type	liquid	fertilizers.

Gramoxone SL 2S paraquat 22 2–4 pt 0.5–1

•	 Apply	in	20–60	gal/A	for	control	of	emerged	annual	weeds.
•	 Add	16–32	oz	non-ionic	surfactant/100	gal	of	spray.
•	 Adding	2,4-D	or	dicamba	improves	control	of	large	annual	broadleaf	weeds	and	alfalfa.	Alfalfa	control	is	improved	by	applying	2,4-D	or	dicamba	separately	at	least	one	day	

ahead of paraquat.
•	 Can	be	tank-mixed	with	residual	herbicides;	adding	atrazine	to	paraquat	can	improve	control	of	fescue	and	certain	other	perennial	sods.
•	 Phosphate-containing	liquid	fertilizer	solutions	diminish	paraquat	activity	if	used	as	a	carrier.	
•	 Use	appropriate	precautions	when	handling	paraquat	to	minimize	exposure	to	the	herbicide.	
•	 Do	not	use	flood	jet	tips	larger	than	size	20	or	spacing	greater	than	40	inches.	
•	 Gramoxone is a restricted-use pesticide.

Harmony Extra SG 50DF
thifensulfuron + 2

0.45–0.9 oz
0.009–0.018

tribenuron 2 0.005–0.009

•	 Adding	Harmony	Extra	to	glyphosate	or	2,4-D	can	improve	control	of	certain	winter	annual	broadleaves	and	perennials.	
•	 Must	be	applied	in	fall	or	early	spring	at	least	14	days	ahead	of	planting.

Metribuzin 75DF/4L metribuzin 5 2–4 oz DF 0.094–0.19

•	 Include	metribuzin	as	part	of	an	herbicide	program	for	burndown	of	existing	vegetation	prior	to	crop	emergence.	
•	 Metribuzin	may	be	tank-mixed	with	2,4-D	LVE,	Gramoxone,	or	glyphosate.	
•	 Use	a	maximum	of	4	oz	DF	if	applying	less	than	10	days	before	planting	or	on	soils	with	less	than	2%	organic	matter.	
•	 Do	not	use	on	coarse	soils	with	less	than	1.5%	organic	matter	or	on	soils	having	pH	7.0	or	greater.	
•	 Plant	corn	at	least	1.5	inches	deep	to	avoid	injury.	
•	 Water quality advisory.
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Table 2.2-5. Comments on burndown herbicides for no-till corn (continued).

Trade Name1 Common Name Site of Action Number Product/A lb ai/A

Sharpen 2.85SC saflufenacil 14 1–3 fl oz 0.022–0.067

•	 Sharpen	may	be	applied	as	a	preplant/burndown	treatment	from	14	days	early	preplant	through	preemergence	timings.	
•	 Apply	Sharpen	in	a	typical	glyphosate	burndown	herbicide	program	to	enhance	the	speed	of	burndown	and	increase	weed	spectrum,	including	glyphosate-resistant	horse-

weed. 
•	 Depending	on	the	rate,	Sharpen	can	provide	some	short-term	residual	control	of	certain	annual	broadleaf	weeds.	Include	necessary	additives	MSO	or	COC	plus	nitrogen	solu-

tion or AMS to the spray mixture. 
•	 Do	not	apply	to	emerged	corn	or	if	OP	or	carbamate	insecticides	are	being	used.	Sharpen	is	a	Group	14	herbicide,	and	due	to	concerns	for	long-term	viability	of	this	herbicide	

mode of action, extension specialists in the Mid-Atlantic region recommend not using it every year. 
•	 This	mode	of	action	has	greater	utility	in	soybeans	than	corn,	especially	for	control	of	glyphosate-resistant	horseweed	(marestail).	As	such,	we	suggest	that	Sharpen	and	other	

saflufenacil-containing products (e.g., Verdict, Optill) be used in soybean first and only in alternate years. 
•	 The	use	of	Sharpen	in	continuous	corn	should	also	be	limited	to	every	other	year	(alternating	years	with	HPPD-containing	herbicide	[Group	27])	and	avoided	if	Sharpen	is	used	

in soybean in a corn-soybean rotation.

Valor SX 51WDG flumioxazin 14 1–2 oz 0.51–1.02 oz

•	 Valor	may	be	included	in	a	typical	no-till	burndown	herbicide	program	to	enhance	the	speed	of	burndown	and	increase	weed	spectrum.	
•	 Corn	can	be	planted	7	days	after	application	if	there	is	at	least	25%	soil	residue	cover	and	¼	inch	of	rainfall.	
•	 On	coarse-textured	soils:	stunting	is	often	observed	with	Valor;	corn	must	be	planted	between	14	and	30	days	after	application;	and	only	use	where	last	year’s	crop	residue	

has not been incorporated into the soil.
•	 Fierce	76WDG	contains	the	active	ingredients	in	Valor	and	Zidua	and	can	be	used	in	burndown	programs;	see	Table	2.2-8	for	additional	details.	
•	 Valor	is	a	Group	14	herbicide,	and	due	to	concerns	for	long-term	viability	of	this	herbicide	mode	of	action,	extension	specialists	in	the	Mid-Atlantic	region	recommend	not	using	

it every year. This mode of action has greater utility in soybeans than corn, especially for control of glyphosate-resistant horseweed (marestail). As such, we suggest that Valor 
and other flumioxazin-containing products (e.g., Fierce, Valor XLT, Envive) be used in soybean first and only in alternate years. 

•	 The	use	of	Valor	in	continuous	corn	should	also	be	limited	to	every	other	year	(alternating	years	with	HPPD-containing	herbicide	[Group	27])	and	avoided	if	Valor	is	used	in	
soybean in a corn-soybean rotation.

1. See Table 2.1-7 for additional formulations or trade names containing some of these same active ingredients.

2. Refer to current product label for active ingredient concentration and application rate (e.g., 1 qt/A glyphosate 4S = 22 fl oz/A Roundup WeatherMAX).
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Table 2.2-6. Water solubility and longevity of soil-applied herbicides.

Solubility (parts per million; ppm) refers to how many microliters of the herbicide will dissolve in 1 liter of water. The less soluble the herbicide, the more moisture (rain or irrigation) 
is needed to activate the herbicide and move it into the root zone. Solubility is used as a guideline for rainfall or irrigation required within a short time after application. Moisture 
needed also depends on the soil moisture at time of application.

Relative moisture levels to move herbicide into the soil to achieve optimum level of control:

Relative Moisture to Activate ppm Estimated Water to Activate*
Low >500 ppm (very soluble) 0.33 inch

Medium 250–500 ppm 0.33–0.5 inch

High 100–250 ppm 0.5–0.75 inch

Very high <100 ppm >0.75 inch

* More water (additional irrigation) may be necessary if soil is dry at time of application, for soils with higher clay content, or if high plant residues are present.
Relative duration of residual control is for comparison only based on herbicide half-life (length of time it takes for half the herbicide to break down). Herbicide breakdown results 
from chemical and/or microbial activity. Since the speed of breakdown is affected by a number of factors, including soil pH, soil temperature, and soil moisture, duration can vary 
for herbicides based on the specific conditions. Residual activity is not the same as herbicide carryover.
 Duration of residual control assumes (1) good activation, (2) no excessive rain or irrigation, and (3) that weed species are sensitive to the herbicide(s) applied.

Trade Name Solubility (ppm) 
Relative Moisture Amount Required  
to Activate Duration of Residual Weed Control

Atrazine 33 Very high 4–5 weeks

Balance Flexx 7 Very high 2–4 weeks

Callisto 1,500 Low 2–4 weeks

Dual II Magnum/Cinch 488 Medium 4–5 weeks

Harmony SG
pH 5: 223 High

1–2 weeks
pH 7: 2,240 Low

Harness/Breakfree/Surpass 223 High 2–4 weeks

Intrro 242 High 2–4 weeks

Metribuzin 1,200 Low 2–4 weeks

Outlook 1,174 Low 2–4 weeks

Princep 5 Very high 4–5 weeks

Prowl/Other Pendimethalin Formulations 1 Very high 4–5 weeks

Python 5,600 Low 4–6 weeks

Resolve SG pH 7: 7,300 Low 1–2 weeks

Stinger 1,000 Low 1–3 weeks

Thiencarbazone-methyl 436 Medium 2–4 weeks

Topnotch 223 High 2–4 weeks

Valor SX 2 Very high 4–5 weeks

Zidua 3.49 Very high 4–5 weeks

Premixes Constituents

Acuron Dual II Magnum, Callisto, atrazine, bicyclopyrone

Acuron Flexi Dual II Magnum, Callisto, bicyclopyrone

Anthem ATZ Zidua, Cadet, atrazine

Anthem Flex Zidua, Aim

Anthem Maxx Zidua, Cadet

Bicep II Magnum/Cinch ATZ Dual II Magnum (or Cinch), atrazine

Bicep Lite II Magnum Dual II Magnum, atrazine

Bullet Intrro, atrazine

Corvus Balance Flexx, thiencarbazone

Fierce Valor SX, Zidua

FulTime/Keystone/Breakfree ATZ Topnotch (or Surpass), atrazine

Harness MAX Harness, Callisto

Harness Xtra/Degree Xtra Harness (or Degree), atrazine

Lumax EZ/Lexar EZ Dual II Magnum, Callisto, atrazine

Resicore Surpass, Callisto, Stinger

Resolve Q/Basis Blend Resolve SG, Harmony SG

SureStart II/TripleFLEX II Harness, Python, Stinger

Zemax Dual II Magnum, Callisto, atrazine
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(continued)

Table 2.2-7. Relative effectiveness of soil-applied (preemergence) corn herbicides.

Weed control rating:
10 = 95–100% 
9 = 85–95%
8 = 75–85%
7 = 65–75% 
6 = 55–65%
N = less than 55% or no control
— = not applicable or no local data available
+ = upper end of rating scale

Crop tolerance:
E = excellent; almost never any crop injury observed
VG = very good; on rare occasion is crop injury observed
G = good; seldom is crop injury observed as long as proper management practices are followed (e.g., seedling depth, seed slit closure, herbicide rate and application timing, 
adjuvants)
FG = fair to good; occasionally crop injury is observed even with proper management practices; injury is often due to herbicide interactions with environmental conditions
F = fair; some crop injury is commonly observed
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Atrazine 5 7 N 7 6+ 7 N N 6 6 6 N 7+ 6 N

Balance Flexx2 27 8 N 7 83 N 6 7+ N N 8 N N 7+ N

Dual products/
Cinch 15 9 N 9 9 9+ N 6 N 8 8+ N N 6 8

Harness, Surpass 
NXT, or TopNotch 15 9 N 8+ 9 9+ N 7 N 7+ 8+ N N 6 8

Intrro 15 9 N 8 9 9+ N 6 N 7+ 8 N N 6 8

Outlook 15 9 N 8 9 9 N 6 N 7+ 8+ N N 6 7

Princep 5 8+ N 8 8 8 N 6 8 6 8+ N 7 6 N

Prowl 3 8+ N 8+ 8 8 N 7 N 6 8+ 7 N 7 8

Zidua 15 8+ N 9 8+ 9+ N 6 N 6 8+ N N 6 8

Mixtures

Acuron 5/15/27 9 N 9 9 9+ N 6 6 8+ 9 N 6 6 8

Acuron Flexi 15/27/27 9 N 9 9 9+ N 6 N 8+ 9 N N 6 8

Anthem ATZ 5/14/15 8+ N 9 8+ 9+ N N 6 6 8+ N 6 6 —

Anthem Flex/
Anthem Maxx 14/15 8+ N 9 8+ 9+ N 6 N 6 8+ N N 6 8

Atrazine + Princep 5/5 8+ N 8+ 8+ 8 N 6 8 8+ 8+ N 8+ 6 N

Axiom 5/15 9 N 9 9 8 N 6 N 6 8+ N N 6 N

Bicep, Bullet, Cinch 
ATZ, or Guardsman 5/15 9 N 9 9 9+ N 6 6 8+ 9 N 6 6 8

Corvus 2/27 8 N 8 8+ N 7 7+ N 7 8+ N N 7+ N

Fierce 14/15 8+ N 9 9 9+ N 6 N 6 8+ N N 6 —

Harness MAX 15/27 9 N 8+ 9 9 N 7 N 7+ 8+ N N 6 8

Harness Xtra,  
Degree Xtra4, Ful-
Time NXT, Keystone 
NXT, or Breakfree 
NXT ATZ

5/15 9 N 9 9 9+ N 7 6 8+ 9 N 6 6 8

Instigate 2/27 8 N 6 8 N N N N N 8 N N N N
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(continued)

Lumax/Lexar 5/15/27 9 N 9 9 9+ N 6 6 8+ 9 N 6 6 8

Prequel 2/27 8 N 7 8 N 6 7 N N 8 N N 7 N

Resicore 15/27/4 9 N 8+ 9 9+ N 7 N 7+ 8+ N N 6 8

SureStart II/ 
TripleFLEX II 2/4/15 8 N 8 8 9+ N 6 N 6 8 N N 6 8

Verdict 14/15 8 N 8 8 9 N N N 7+ 8 N N N N

Zemax 15/27 9 N 9 9 9+ N 6 N 8+ 9 N N 6 8

1. See Tables 2.1-10 and 2.2-1 for additional products that contain these active ingredients.

2. Performance ratings based on full labeled rates.

3. Herbicide is less effective on yellow foxtail: Balance (6) and Liberty (7).

4. Degree Xtra may be less consistent on TR lambsquarters control compared to other acetochlor products.
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Atrazine 5 9+ 8 6 8+ 9 N 9 8+ 9 N 9 8 9 9+ 8 E E

Balance Flexx 27 8 — 7 N 8 9 8+ N 9 8 8 7 7 7+ 9 F–G6 G

Dual Products, 
Cinch 15 8+ N N N N 6 N N 7+ 8 6 N N N N G G

Harness, Surpass 
NTX, or TopNotch 15 8 N N N N 7 N N 8+ 9 7+ N N 7 6 G G

Intrro 15 8+ N N N N 6+ N N 7+ 8+ 6 N N 6 N G G

Lorox 7 7 — N 7+ 7 8+ 7 N 6 8 7 N N 9 7 F–G F

Outlook 15 8 N N N N 6 N N 7+ 8 6 N N 6 N G G

Princep 5 9+ 8 6 8 9 N 9 9 9 N 9+ 7 9 9 8 E E

Prowl 3 8 N N N 6 9 N N N 8 N N N 8 8 G6 F–G

Python 2 N 7 6 8 8 8+ N N 7 9 7+ 6 8 8+ 8 F–G6 F

Zidua 15 9 N N N 7 8 N N 8 9 7+ 6 6 7 7 G G

Mixtures

Acuron 5/15/27 9+ 9 7 9 9 9 9 9 9 9 9 8+ 9 9 9 G G

Acuron Flexi 15/27/27 8+ — N 6 8 9 8+ 6 8+ 8+ 7 7 N 8+ 9 G G

Anthem ATZ 5/14/15 9+ 8 6 9 9 8 9 8+ 9 9 8+ 8 9 9 8 G G

Anthem Flex/
Anthem Maxx 14/15 9 N N N 7 8 N N 8 9 7+ 6 6 7 7 G G

Atrazine + Princep 5/5 9+ 8 7 9 9+ N 9 9 9 N 9 8+ 9 9 8+ E E

Axiom 5/15 7 — N N 6 N 6 N N N N N 6+ 6 N G F–G

Basis Blend/ 
Resolve7 2/2 N — N 6 6 8+ N N N 9 N N N 6 6 F–G F

Table 2.2-7. Relative effectiveness of soil-applied (preemergence) corn herbicides (continued).
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Table 2.2-7. Relative effectiveness of soil-applied (preemergence) corn herbicides (continued).

Bicep, Bullet, Cinch 
ATZ, or Guardsman 5/15 9+ 9 6 8+ 9 7 9 8+ 9 8+ 8+ 8 9 9 8+ G G

Corvus 2/27 8 — 7 8 8 9 8+ 7 9 9 7+ 7+ 7 8+ 9 G F

Fierce 14/15 9 8 N 6 8 9 8+ 7+ 9 9 7+ 6 8 7 8 G F

Harness MAX 15/27 8+ — N 6 8 9 8 6 8+ 8+ 7 7 N 8+ 9 G G

Harness Xtra, De-
gree Xtra8, FulTime 
NXT, Keystone NXT, 
Breakfree NXT ATZ

5/15 9+ 9 6 8+ 9 7+ 9 8+ 9 9 8+ 8 9 9 8+ G G

Instigate 2/27 8 — 7 8 7 9 8 7 9 9 7+ 7 7 9 9 G F

Lexar 5/15/27 9 9 7 9 9 9 9 9 9 8+ 8+ 8+ 9 9 9 G G

Lumax 5/15/27 9 9 6 8+ 9 9 9 8+ 9 8+ 9 8 7+ 9 9 G G

Marksman 4/5 9+ 8 6+ 8 8+ 8+ 9 8+ 9 9 8+ 8 8 9 8 F–G F

Prequel 2/27 8 — 7 6 8 9 8+ N 8 9 8 7 7 7 9 F–G F

Prowl + atrazine 3/5 9+ 8 6 8+ 9 9 9 8+ 9 9 8+ 8 9 9+ 9+ G6 FG

Resicore 15/27/4 8+ — N 6 8 9 9 6 8+ 8+ 7 7 N 8+ 9 G G

SureStart II/ 
TripleFLEX II 2/4/15 8+ — N 7 7 8 9 6 8 8+ 8 7+ 7 8 8 G F

Verdict 14/15 9 — 6 8 8 9 7+ 8 9 9 8 8 7 9 8 G G

Zemax 15/27 8+ — N 6 8 9 8 6 8+ 8+ 7 7 N 8+ 9 G G

1. See Tables 2.1-10 and 2.2-1 for additional products that contain these active ingredients.

2. Biotypes resistant to Groups 2 and 9 herbicides are common in the region; do not rely on Groups 2 or 9 herbicides to provide effective control.

3. Triazine-resistant (TR) biotypes of common lambsquarters and redroot/smooth pigweed are widespread in the region and thus triazine (Group 5) herbicides are not effective against these populations.

4. ALS-resistant biotypes of marestail/horseweed are found in the region and thus Group 2 herbicides will not be effective against these populations.

5. Biotypes resistant to Groups 2 and 9 herbicides are found in the region; Groups 2 or 9 herbicides may not provide effective control.

6. See remarks in Table 2-8 and the herbicide label for specific management guidelines to maximize crop tolerance. 

7. Corn stunting is likely with products that contain rimsulfuron if (1) used on coarse-textured soils, (2) applied within 7 days of planting, and (3) growing conditions are less than ideal.

8. Degree Xtra may be less consistent on lambsquarters control compared to other acetochlor products.
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(continued)

(continued)

Table 2.2-8. Comments on preplant or preemergence herbicides for conventional, min-, or no-till corn.

See specific product label to determine correct rate for soil type and weed species found in each field. These treatments may be used in conventional, reduced-till, and no-till sys-
tems. Thiocarbamate herbicides (EPTC and butylate) are highly volatile and are lost if left on the soil surface. Other than EPTC, treatments may be applied preplant-incorporated or 
preemergence, unless stated otherwise. Incorporation reduces the need for timely rainfall after application and may improve control of certain weeds. The higher rates for a given 
soil may be required for no-till. In no-till situations, burndown herbicides may be required to control weeds or cover crops present at time of application. Tables 2.2-3, 2.2-4, and 
2.2-5 list characteristics of burndown herbicides.

EPP = early preplant (application prior to plant; in most cases, 7–14 days before planting)
PPI = applied to conventionally tilled soil then mechanically incorporated
PRE = preemergence (applied before the crop has emerged)
EPOST = early postemergence (during the early stages of crop and weed growth)

Trade Name1 Common Name
Site of Action 
Number Application Product/A lb ai/A

Anthem ATZ 4.5SE

pyroxasulfone + 15

EPP, PRE, or EPOST 1.75–4 pt

0.105–0.24

atrazine + 5 0.88–2

fluthiacet 14 0.004–0.008

•	 Anthem	ATZ	is	a	premix	of	pryoxasulfone	(Zidua),	atrazine,	and	fluthiacet	(Cadet)	and	provides	control	of	several	key	annual	grasses	and	broadleaves.
•	 Anthem	ATZ	can	be	applied	preplant	(surface	or	incorporated;	burndown)	up	to	45	days	before	planting.
•	 The	typical	use	rate	is	2	pt/A	on	medium-textured	soils.	Rates	can	be	adjusted	for	soil	type	or	two-pass	application	programs.
•	 Anthem	ATZ	can	be	tank-mixed	with	certain	other	corn	herbicides	to	broaden	control	spectrum.
•	 Anthem	ATZ	may	be	applied	early	postemergence	from	crop	emergence	to	V4	corn	stage,	but	tank-mix	if	weeds	are	emerged.
•	 Anthem	ATZ	may	be	applied	in	the	fall.
•	 Other	pyroxasulfone-containing	products	include	Anthem	Flex,	Anthem	Maxx,	Fierce,	and	Zidua.
•	 Water quality advisory.

Anthem Flex 
pyroxasulfone + 15

EPP, PRE, or EPOST 3.5–6 fl oz
0.102–0.175

carfentrazone 14 0.007–0.012

Anthem Maxx 4.3SE
pyroxasulfone + 15

EPP, PRE, or EPOST 3–6 fl oz
0.1–0.2

fluthiacet 14 0.003–0.006

•	 Fluthiacet	(Cadet)	and	carfentrazone	(Aim)	do	not	provide	any	residual	weed	control.
•	 See	Zidua	(pyroxasulfone)	entry	for	more	details.

Atrazine 4L atrazine 5 EPP or PRE 1–2 qt 1–2

Atrazine may be used at 1–2 qt/A. Most commonly used in combination with other herbicides at 1–1.5 qt.
On highly erodible ground with less than 30% surface residue, no more than 1.6 qt may be applied prior to crop emergence.

Atrazine Use Restrictions
Preplant or Preemergence
•	 On	highly	erodible	soils	(as	defined	by	the	U.S.	Natural	Resources	Conservation	Service):
•	 Fields	where	more	than	30%	of	the	soil	surface	is	covered	with	plant	residue	at	planting,	apply	a	maximum	of	2	lb	of	active	ingredient	per	acre	as	a	broadcast	spray.
•	 Fields	where	less	than	30%	of	the	soil	surface	is	covered	with	plant	residue	at	planting,	apply	a	maximum	of	1.6	lb	of	active	ingredient	per	acre	as	a	broadcast	spray.
•	 Apply	a	maximum	of	2	lb	of	active	ingredient	per	acre	as	a	broadcast	spray.

Postemergence
•	 If	no	atrazine	was	applied	prior	to	crop	emergence,	use	a	maximum	rate	of	2	lb	of	active	ingredient	per	acre.
•	 If	a	soil-applied	application	was	made	in	the	same	calendar	year,	the	combined	preplant	or	preemergence	and	postemergence	applications	may	not	exceed	2.5	lb	of	active	

ingredient per acre.

Safety Precautions for Using Atrazine
•	 Do	not	mix,	load,	or	apply	within	50	feet	of	drinking	water	wells,	livestock	wells,	agricultural	drainage	wells,	irrigation	wells,	abandoned	wells,	or	sinkholes.
•	 Do	not	mix	or	load	within	50	feet	of	intermittent	streams,	perennial	streams,	rivers,	lakes,	or	reservoirs.
•	 Do	not	apply	within	200	feet	of	lakes	or	reservoirs.
•	 Do	not	apply	within	66	feet	of	the	points	where	surface	water	runoff	enters	intermittent	streams,	perennial	streams,	or	rivers.	The	66-foot	buffers	should	be	planted	to	a	crop	

or seeded with grass on highly erodible land.
•	 Restricted-use	pesticide	and	water	quality	advisory.	
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(continued)

Balance Flexx 2SC isoxaflutole + corn safener 27 EPP, PRE, or EPOST 3–6 fl oz 0.047–0.094

•	 Balance	Flexx	contains	isoxaflutole	plus	a	corn	safener	(cyprosulfamide)	and	can	be	applied	from	preplant	through	early	postemergence	(up	to	V2	corn).
•	 The	medium	soil	texture	rate	is	5	fl	oz/A.
•	 Tank-mix	with	pregrass	products	(Define,	Dual,	Harness,	TopNotch,	Outlook,	etc.)	to	improve	residual	grass	control.	Balance	Flexx	can	be	mixed	with	atrazine,	2,4-D,	Gramox-

one, or glyphosate plus COC or MSO to improve burndown activity on emerged weeds in a no-till setting.
•	 Early	postemergence	applications	of	Balance	Flexx	will	likely	not	control	weeds	that	are	larger	than	one-leaf	stage,	but	the	addition	of	atrazine	can	improve	control.
•	 Balance	Flexx	also	can	be	used	as	a	foundation	herbicide	in	a	planned	pre	herbicide	followed	by	POST	herbicide	system.
•	 Do	not	apply	with	adjuvants,	tank-mix	with	other	herbicides	or	OP	or	carbamate	insecticides,	or	use	fluid	fertilizer	carriers	after	corn	has	emerged.
•	 To	improve	crop	safety,	it	is	best	to	plant	corn	at	least	1.5	inches	deep	and	make	sure	seed	is	completely	covered	and	seed	slit	is	firmed.
•	 Restricted-use	pesticide	and	water	quality	advisory.	

Basis Blend 30WDG
rimsulfuron + 2

PRE 0.825–1.25 oz
0.01–0.015

thifensulfuron 2 0.005–0.008

•	 Basis	Blend	is	a	mixture	of	rimsulfuron	(Resolve)	and	thifensulfuron	(Harmony	SG).
•	 Soil	application	of	Basis	Blend	is	permitted	in	the	Mid-Atlantic	region,	including	Pennsylvania.
•	 Soil-applied	Basis	Blend	is	effective	on	triazine-resistant	lambsquarters	and	pigweed.
•	 Corn	stunting	is	commonly	observed	when	Basis	Blend	is	used	on	coarse-textured	soils.
•	 Tank-mix	with	other	products	to	broaden	the	spectrum	of	control.
•	 For	additional	remarks,	see	Basis	Blend	remarks	in	the	postemergence	herbicide	for	corn	section.	

Bicep II Magnum 5.5L/Cinch ATZ
S-metolachlor + atrazine 15/5 EPP, PRE, or EPOST

1.3–2.6 qt See Table 2.2-2 
for ai rates

Bicep Lite II Magnum 6L/Cinch ATZ Lite 0.9–2.2 qt

Degree Xtra 4.04ME or 
acetochlor + atrazine 15/5 EPP, PRE, or EPOST

2.9–3.7 qt

FulTime NXT 4.04CS 2.9–4.4 qt

Guardsman Max 5L or 
dimethenamid-P + atrazine 15/5 EPP, PRE, or EPOST

2.4–4 pt

G-Max Lite 5L 2–3.5 pt

Harness Xtra 6L or 

acetochlor + atrazine 15/5 EPP, PRE, or EPOST

1.8–2.3 qt

Harness Xtra 5.6L 1.4–3 qt

Keystone LA NXT 6SE/Breakfree NXT 
Lite or 

1.8–2.7 qt

Keystone NXT 5.6SE/Breakfree NXT ATZ 1.4–3 qt

•	 These	mixtures	contain	one	of	the	chloroacetamide	herbicides	plus	atrazine.
•	 Breakfree	NXT	Lite,	Bicep	Lite	II	Magnum,	Cinch	ATZ	Lite,	G-Max	Lite,	Harness	Xtra	6L,	and	Keystone	LA	NXT	mare	premixes	of	reduced-atrazine-rate	ratios.
•	 The	application	rates	based	on	soil	texture	for	each	of	these	products	are	listed	in	Table	2.2-9.
•	 These	products	may	be	applied	to	emerged	corn	in	a	water	carrier;	refer	to	Table	2.2-10	for	maximum	corn	and	weed	size	restrictions.
•	 Degree	Xtra	can	be	applied	early	POST	in	a	UAN	carrier	if	the	temperature	is	below	85°F.	Some	corn	leaf	burn	should	be	expected.	Refer	to	label	for	more	details.	Do	not	

include surfactants, crop oils, or other additives.
•	 See	individual	component	sections	in	this	table	and	atrazine	use	restrictions	under	that	entry	for	additional	information.
•	 Restricted-use pesticides and water quality advisory. 

Corvus 2.63SC

isoxaflutole + 27

EPP, PRE, or EPOST 3.33–5.6 fl oz

0.049–0.083

thiencarbazone + 2 0.02–0.033

corn safener

•	 Corvus	is	a	premix	of	isoxaflutole,	cyprosulfamide	(Balance	Flexx),	and	thiencarbazone	(ALS-inhibitor	herbicide	that	improves	control	of	annual	weeds)	and	can	be	applied	from	
preplant through early postemergence (up to V2 corn) to provide residual control of annual broadleaves and grasses, especially when tank-mixed with atrazine.

•	 The	typical	use	rate	is	5.6	fl	oz/A.
•	 Corvus	can	provide	some	control	of	small,	emerged	annual	weeds	(<6	inches)	in	no-till.
•	 To	improve	burndown	activity	on	emerged	weeds	in	a	no-till	setting,	mix	with	atrazine,	2,4-D,	Gramoxone,	or	glyphosate	plus	COC	or	MSO.
•	 Early	postemergence	applications	of	Corvus	will	control	small,	emerged	weeds,	but	the	addition	of	atrazine	can	improve	control.
•	 Corvus	also	can	be	used	as	a	foundation	herbicide	in	a	planned	preherbicide	followed	by	postherbicide	system.
•	 Do	not	apply	with	adjuvants	(COC	or	MSO),	tank-mix	with	other	herbicides	or	OP	or	carbamate	insecticides,	or	use	fluid	fertilizer	carriers	after	corn	has	emerged.
•	 To	improve	crop	safety,	it	is	best	to	plant	corn	at	least	1.5	inches	deep	and	make	sure	seed	is	completely	covered	and	seed	slit	is	firmed.
•	 Restricted-use	pesticide	and	water	quality	advisory.	

Table 2.2-8. Comments on preplant or preemergence herbicides for conventional, min-, or no-till corn (continued).

Trade Name1 Common Name
Site of Action 
Number Application Product/A lb ai/A
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(continued)

Dicamba-containing products dicamba 4 PRE or POST varies 0.5 lb ae

•	 Dicamba	may	be	applied	after	planting	on	medium-	to	fine-textured	soils.
•	 Do	not	apply	preemergence	to	soil	containing	less	than	2%	organic	matter	or	to	coarse-textured	soils.
•	 Preemergence	applications	have	a	greater	potential	to	injure	corn	under	conditions	of	excessive	moisture	and	cool	temperatures.
•	 Crop	tolerance	is	greatest	to	dicamba,	and	weeds	are	generally	most	susceptible	when	corn	is	from	the	spike	to	five-leaf	stage	of	growth.	

Dual II Magnum 7.64E/Cinch S-metolachlor 15 EPP or PRE 1–2 pt 0.96–1.9

•	 Dual	II	Magnum/Cinch	are	similar	in	activity	to	Harness,	Intrro,	Outlook,	and	Surpass.
•	 Dual	II	Magnum/Cinch	contains	a	crop-safening	agent.
•	 These	may	be	applied	broadcast	on	up	to	5-inch-tall	corn	prior	to	weed	emergence.
•	 The	medium	soil	texture	rate	is	1.67	pt	for	Dual	II	Magnum/Cinch.
•	 For	early	preplant	applications	or	fields	with	heavy	surface	plant	residue,	the	Dual	II	Magnum/Cinch	rate	may	need	to	be	increased	by	up	to	20%.
•	 Incorporation	improves	control	of	yellow	nutsedge.
•	 Water	quality	advisory.	

Fierce 76WDG
pyroxasulfone + 15

EPP or PRE 3 oz
0.08

flumioxazin 14 0.063

•	 Fierce	contains	pyroxasulfone	(Zidua)	and	flumioxazin	(Valor)	and	can	be	used	only	in	no-till	or	minimum-tilled	fields	where	crop	residue	has	not	been	incorporated	into	the	soil	
and corn will be planted directly into a stale seedbed, cover crop, or previous crop residue.

•	 Apply	Fierce	at	3	oz/A	to	field	corn	early	preplant.
•	 Corn	must	be	planted	between	7	and	30	days	after	application.
•	 When	applied	as	part	of	a	burndown	program,	Fierce	must	be	tank-mixed	with	appropriate	herbicides	and	adjuvants	to	control	emerged	weeds.
•	 In	addition,	Fierce	provides	residual	control	of	several	annual	grass	and	broadleaf	weeds,	but	other	herbicides	can	be	tank-mixed	to	improve	control	spectrum.
•	 Do	not	use	on	soils	with	less	than	1%	organic	matter	unless	an	activation	rainfall	(0.5	inch	or	more)	has	occurred	between	application	and	planting.
•	 Fierce	also	can	be	used	as	part	of	a	fall	burndown	program.
•	 Water quality advisory. 

Harness 7E

acetochlor 15 EPP or PRE

1.25–3 pt 1–2.6

Surpass NXT 7E/Breakfree NXT 1.25–3 pt 1.09–2.6

TopNotch 3.2CS 2–3.75 qt 1.6–3

•	 Harness,	Surpass	NXT,	and	TopNotch	contain	acetochlor.
•	 Acetochlor	is	similar	in	activity	to	Dual,	Intrro,	and	Outlook,	but	it	is	more	active	on	certain	broadleaf	weeds.
•	 Acetochlor	may	be	applied	on	up	to	11-inch-tall	corn	depending	on	the	tank-mix	partner.
•	 The	medium	soil	texture	rate	is	about	2	pt/A	for	Harness,	2.25	pt	for	Surpass	NXT/Breakfree	NXT,	and	2.25	qt	for	TopNotch.
•	 For	early	preplant	applications	or	fields	with	heavy	surface	plant	residue,	the	rate	of	acetochlor	may	need	to	be	increased	by	up	to	20%.
•	 Incorporation	improves	control	of	yellow	nutsedge.
•	 Restricted-use	pesticide	and	water	quality	advisory.	

Harness MAX 3.85L
acetochlor + 15

EPP or PRE 1.7–2.75 qt
1.5–2.42

mesotrione 27 0.14–0.227

•	 Controls	many	annual	broadleaf	and	grass	weeds	but	will	not	provide	consistent	control	if	grasses	have	already	emerged.
•	 Can	be	applied	PRE	thru	POST;	when	applied	in	a	planned	PRE	followed	by	POST	programs	better	weed	control	usually	can	be	expected	and	more	modes	of	action	can	be	

incorporated for better resistance management.
•	 Typical	medium	soil	rate	is	64	fl	oz/A	Harness	MAX.
•	 It	does	not	contain	atrazine,	so	it	provides	a	non-atrazine	alternative	for	triazine-sensitive	areas.	However,	other	herbicides	can	be	tank-mixed	to	broaden	the	weed	control	

spectrum.
•	 Harness	MAX	can	be	applied	to	corn	that	is	no	more	than	11	inches	tall;	use	rates	might	need	to	be	reduced	for	POST	applications	and	include	necessary	adjuvants.
•	 See	label	for	additional	application	guidelines.

Table 2.2-8. Comments on preplant or preemergence herbicides for conventional, min-, or no-till corn (continued).
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(continued)

Instigate 46WDG
rimsulfuron + 2

EPP, PRE, or EPOST 5.25–7 oz
0.014–0.019

mesotrione 27 0.14–0.187

•	 Instigate	contains	rimsulfuron	(Resolve)	and	mesotrione	(Callisto),	the	same	active	ingredients	in	Realm	Q.
•	 Instigate	can	be	applied	from	preplant	to	early	post	(V2).
•	 The	typical	soil-applied	use	rate	is	6	oz/A	and	will	provide	some	initial	residual	weed	control	of	annual	grasses	and	broadleaves,	but	it	will	likely	need	to	be	followed	by	a	POST	

application of glyphosate (RR-corn), glufosinate (LL-corn), or conventional herbicides as needed.
•	 Tank-mix	with	atrazine	or	other	products	to	improve	control	and	spectrum.
•	 Crop	injury	may	occur	following	an	application	of	Instigate	if	there	is	a	prolonged	period	of	cold	weather	and/or	in	conjunction	with	wet	soil.
•	 Regardless	of	PRE	and/or	POST	applications,	do	not	apply	more	than	a	total	of	1	oz/A/season	active	ingredient	rimsulfuron.
•	 Do	not	tank-mix	Instigate	with	foliar-applied	organophosphate	insecticides	such	as	Lorsban,	malathion,	parathion,	etc.,	as	severe	crop	injury	may	occur.	To	avoid	crop	injury	

or antagonism, apply these products at least 7 days before or 3 days after the application of Instigate. Do not apply Counter within 60 days of a preemergence or preplant 
application of Instigate because crop injury may result. Do not apply Instigate within 45 days of crop emergence where Counter was applied as a treatment because crop injury 
may occur.

•	 Do	not	apply	another	solo	HPPD	inhibitor	POST	herbicide	(e.g.,	Callisto,	Impact/Armezon,	Laudis)	to	a	field	that	has	been	treated	with	Instigate	in	the	same	season.	

Lexar EZ 3.7SC or S-metolachlor + mesotrione 
+ atrazine 15/27/5 EPP, PRE, or EPOST

3–3.5 qt See Table 2-2 for 
ai rates

Lumax EZ 3.67SC 2.7–3.25 qt 

Acuron 3.44SC S-metolachlor + mesotrione + 
atrazine + bicyclopyrone 15/27/5 EPP, PRE, or EPOST 2.5–3 qt

Acuron Flexi 3.26SC S-metolachlor + mesotrione + 
bicyclopyrone 15/27 EPP, PRE, or EPOST 2–2.25 qt

Zemax 3.67SC S-metolachlor + mesotrione 15/27 EPP, PRE, or EPOST 2–2.4 qt

•	 Lexar	EZ	and	Lumax	EZ	are	mixtures	of	S-metolachlor (Dual II Magnum), mesotrione (Callisto), and atrazine.
•	 Acuron	contains	the	same	active	ingredients	as	Lumax/Lexar	with	the	addition	of	another	Group	27	herbicide,	bicyclopyrone.	In	general,	it	controls	a	broader	weed	spectrum	

and is better on ragweed, cocklebur, and annual morningglory, and effective on many annual broadleaves and some grasses compared to Lumax/Lexar.
•	 The	typical	use	rates	in	all	tillage	systems	are	3	qt/A	Lexar	EZ,	2.7	qt/A	Lumax	EZ,	and	2.5	qt/A	Acuron.
•	 These	products	may	be	applied	broadcast	on	up	to	12-inch-tall	corn,	but	prior	to	annual	grass	emergence.
•	 Do	not	apply	more	than	3.5	qt/A	Lexar	EZ,	3.25	qt/A	Lumax	EZ,	or	3	qt/A	Acuron	per	growing	season.
•	 Do	not	apply	Lexar,	Lumax,	or	Acuron	early	POST	if	the	corn	was	treated	with	Counter	insecticide.	Do	not	tank-mix	Lexar,	Lumax,	or	Acuron	with	organophosphate	(OP)	or	

carbamate insecticides and apply as a foliar POST application. Do not make a foliar POST application of any OP or carbamate insecticide within 7 days before or 7 days after a 
Lexar EZ, Lumax EZ, or Acuron application, or severe corn injury may occur.

•	 Corn,	soybeans,	small	grains,	and	sorghum	may	be	planted	the	spring	following	Lexar	EZ,	Lumax	EZ,	or	Acuron	application.
•	 Zemax	is	similar	to	Lumax	EZ	but	contains	no	atrazine.	The	typical	use	rate	is	2	qt/A.
•	 Restricted-use	pesticide	and	water	quality	advisory.	

Lorox 50DF linuron 7 PRE 0.7–1 lb 0.3–0.5

•	 Lorox	applied	at	0.7	to	1	lb/A	will	help	control	TR	lambsquarters.
•	 Do	not	incorporate.
•	 Plant	corn	at	least	1.5	inches	deep	to	minimize	risk	of	crop	injury.
•	 May	cause	crop	injury	under	adverse	conditions.	

Marksman 3.2L
dicamba + 4

PRE or EPOST 2–3.5 pt
0.27–0.48

atrazine 5 0.53–0.92

•	 Marksman	may	be	applied	after	planting	on	medium-	to	fine-textured	soils.
•	 Do	not	apply	preemergence	on	soil	containing	less	than	2%	organic	matter	or	to	coarse-textured	soils.
•	 Preemergence	applications	have	a	greater	potential	to	injure	corn	under	excessive	moisture	or	cool	temperature	conditions.
•	 Crop	tolerance	is	greatest	and	weeds	are	generally	most	susceptible	to	Marksman	when	corn	is	from	spike	to	five-leaf	stage	of	growth.
•	 See	remarks	under	atrazine.
•	 Restricted-use pesticide and water quality advisory. 

Outlook 6.0E dimethenamid-P 15 EPP or PRE 10–21 fl oz 0.47–0.98

•	 Outlook	is	similar	in	activity	to	Dual,	Harness,	Micro-Tech,	and	TopNotch.
•	 Outlook	(dimethenamid-P)	may	be	applied	preemergence	on	up	to	12-inch-tall	corn	prior	to	weed	emergence.
•	 The	medium	soil	texture	rate	is	16	fl	oz/A	for	Outlook.
•	 For	early	preplant	applications	or	fields	with	heavy	surface	plant	residue,	increase	the	Outlook	rate	by	1–2	fl	oz/A.
•	 Lower	use	rates,	6–16	fl	oz/A,	may	be	used	in	situations	where	partial	control	or	reduced	length	of	residue	control	is	required,	such	as	early	postemergence	applications	or	

preemergence applications followed by postemergence herbicides.
•	 Incorporation	improves	control	of	yellow	nutsedge.
•	 Water quality advisory. 

Table 2.2-8. Comments on preplant or preemergence herbicides for conventional, min-, or no-till corn (continued).
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Prequel 45WG
isoxaflutole + 27

EPP or PRE 1.66–2.5 oz
0.04–0.06

rimsulfuron 2 0.016–0.024

•	 Prequel	is	a	premix	of	isoxaflutole	(Balance	Pro)	and	rimsulfuron	(Resolve)	that	is	designed	to	be	used	in	a	two-pass	program.
•	 The	typical	use	rate	is	1.66	oz/A	and	will	provide	some	initial	residual	weed	control	of	annual	grasses	and	broadleaves	but	will	likely	need	to	be	followed	by	a	POST	application	

of glyphosate (RR-corn), glufosinate (LL-corn), or conventional herbicides as needed.
•	 Tank-mixing	with	atrazine	improves	control	and	spectrum.
•	 Prequel	can	provide	some	control	of	small,	emerged	weeds	in	a	no-till	burndown	setting,	but	it	is	recommended	to	tank-mix	with	2,4-D,	atrazine,	glyphosate,	or	Gramoxone	

plus necessary adjuvants to improve control of larger weeds.
•	 Do	not	apply	to	emerged	corn,	or	severe	crop	injury	will	occur.
•	 To	improve	crop	safety,	it	is	best	to	plant	corn	at	least	1.5	inches	deep	and	make	sure	seed	is	completely	covered	and	seed	slit	is	firmed.	Be	cautious	of	interactions	with	OP	

insecticides (e.g., Counter), which can cause corn injury.
•	 Restricted-use pesticide and water quality advisory. 

Princep 90DF simazine 5 EPP or PRE 1.1–3.3 lb 1–3

•	 Princep	is	similar	to	atrazine	but	has	better	grass	activity	and	less	broadleaf	control.
•	 Like	atrazine,	Princep	can	persist	in	soil	and	leave	carryover	residues.
•	 Use	in	combination	with	other	herbicides	to	lower	the	necessary	rate	and	broaden	the	weed	spectrum.
•	 If	using	Princep	in	combination	with	atrazine,	follow	recrop	restrictions.
•	 Water quality advisory. 

Princep 90DF simazine 5
EPP or PRE 1.1–1.7 lb 1–1.5

Atrazine 90DF atrazine 5

•	 Both	simazine	and	atrazine	have	long	soil	residuals.
•	 Plant	corn,	sorghum,	or	sudangrass	the	following	year.
•	 Simazine	improves	annual	grass	control;	use	2:1	ratio	of	simazine	to	atrazine	in	fields	with	heavy	grass	pressure.
•	 See	comments	under	atrazine.
•	 When	tank-mixing	or	sequentially	applying	simazine	and/or	atrazine	or	products	containing	either	active	ingredient	to	corn,	the	total	pounds	of	simazine	and/or	atrazine	applied	

must not exceed 2.5 lb ai/acre per calendar year.
•	 Atrazine is a restricted-use pesticide, and both atrazine and simazine have a water quality advisory. 

Prowl 3.3E or 
pendimethalin 3 PRE or EPOST

1.8–4 pt 0.75–1.65

Prowl H2O 3.8CS 2–4 pt 0.95–1.9

•	 Plant	corn	at	least	1.5	inches	deep	to	avoid	Prowl	injury.
•	 Do	not	incorporate.
•	 Must	be	applied	after	planting	up	until	corn	reaches	30	inches	tall.
•	 Preemergence	applications	can	injure	corn.
•	 Delaying	application	until	spike	stage	helps	maximize	crop	safety.
•	 Prowl	H2O	is	a	water-based	capsule	suspension	formulation	that	provides	similar	weed	control	as	the	older	3.3E	product	but	causes	less	staining	and	odor.	

Prowl 3.3E or 
pendimethalin 3 PRE or EPOST

1.8–3.6 pt 0.75–1.5

H2O 3.8CS + 2–4 pt 0.95–1.9

Atrazine 90DF atrazine 5 1.1–2.2 lb 1–2

•	 Plant	corn	at	least	1.5	inches	deep	to	avoid	Prowl	injury.
•	 Do	not	incorporate.
•	 Must	be	applied	after	planting	up	until	corn	reaches	12	inches	tall.
•	 Preemergence	applications	can	injure	corn.
•	 Delaying	application	until	spike	stage	helps	maximize	crop	safety.
•	 See	remarks	under	atrazine.
•	 Atrazine is a restricted-use pesticide and has a water quality advisory. 

Table 2.2-8. Comments on preplant or preemergence herbicides for conventional, min-, or no-till corn (continued).
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Python 80WDG/Accolade flumetsulam 2 EPP or PRE 0.8–1.14 oz 0.04–0.057

•	 Flumetsulam	is	available	as	a	single	active	ingredient	in	Python	WDG/Accolade.
•	 Apply	before	crop	or	weed	emergence.
•	 Plant	corn	at	least	1.5	inches	deep.
•	 Do	not	use	where	soil	pH	is	greater	than	7.8,	where	organic	matter	is	less	than	1.5%,	or	when	extended	cool,	wet	conditions	exist.
•	 Apply	all	insecticides	in	a	T-band	or	a	band	to	avoid	serious	crop	injury.
•	 Do	not	use	if	Counter	insecticide	was	applied.	IMI	corn	hybrids	will	reduce	the	potential	for	crop	injury.
•	 See	Table	2.1-11	for	recrop	restrictions.
•	 To	prevent	herbicide	resistance,	avoid	repeated	annual	applications	of	soil-persistent	ALS	(Group	2)	herbicides.
•	 Water quality advisory. 

Resicore 3.29SE

acetochlor + 27

EPP, PRE, or POST 2.255–3 qt

1.58–2.1

mesotrione + 2 0.162–0.216

clopyralid + corn safener 4 0.107–0.143

•	 Resicore	can	be	used	with	any	field	or	silage	corn	hybrids.
•	 Controls	many	annual	broadleaf	and	grass	weeds	but	will	not	provide	consistent	control	if	grasses	have	already	emerged.
•	 Can	be	applied	PRE	thru	POST;	when	applied	in	a	planned	PRE	followed	by	POST	programs	better	weed	control	usually	can	be	expected	and	more	modes	of	action	can	be	

incorporated for better resistance management.
•	 Typical	medium	soil	rate	is	2.5	qt/	A	Resicore.
•	 Resicore	does	not	contain	atrazine,	so	it	provides	a	non-atrazine	alternative	for	triazine-sensitive	areas.	However,	atrazine,	glyphosate,	2,4-D,	and	other	herbicides	can	be	

tank-mixed with Resicore to broaden the weed control spectrum.
•	 Contains	acetachlor,	so	be	sure	to	follow	acetachlor	use	restrictions	for	soil	type,	organic	matter,	and	depth	to	water	table.
•	 Adequate	soil	moisture	is	required	for	optimum	herbicidal	activity.	If	adequate	soil	moisture	is	not	received	within	7–10	days	after	a	surface-applied	treatment,	a	shallow	

cultivation is recommended.
•	 Observe	the	rotation	restrictions	on	the	label.
•	 If	corn	has	received	an	at-plant	phorate	or	terbufos	insecticide	application,	POST	applications	of	Resicore	may	cause	severe	injury.	Refer	to	label	for	additional	restrictions	with	

insecticides.
•	 Do	not	make	POST	applications	of	Resicore	using	liquid	fertilizer	carriers	or	tank-mixed	with	OP	insecticides	otherwise	severe	crop	injury	will	occur.
•	 Resicore	can	be	applied	to	corn	that	is	no	more	than	11	inches	tall.	

Resolve 25DF rimsulfuron 2 PRE 0.5–2 oz 0.0078–0.03

•	 Resolve	can	be	applied	PRE	and	may	be	tank-mixed	with	full	or	reduced	rates	of	other	soil-applied	corn	herbicides.
•	 Crop	injury	may	occur	following	an	application	of	Resolve	if	there	is	a	prolonged	period	of	cold	weather	and/or	in	conjunction	with	wet	soil.
•	 Corn	stunting	is	commonly	observed	when	Resolve	is	used	on	coarse-textured	soils.
•	 See	additional	comments	about	Resolve	in	Table	2.2-13.	

SureStart II 4.25SE or TripleFLEX II

acetochlor + 15

EPP, PRE, or EPOST 1.5–3 pt

0.71–1.41

flumetsulan + 2 0.056–0.113

clopyralid 4 0.022–0.045

•	 SureStart	II	or	TripleFLEX	II	is	intended	to	be	used	with	Roundup	Ready	or	LibertyLink	field	or	silage	corn	hybrids.
•	 When	applied	PRE,	it	is	designed	to	provide	early	season	control	of	common	annual	grasses	and	broadleaf	weeds	to	allow	better	timing	of	the	in-crop	application	of	glyphosate	

or glufosinate.
•	 The	typical	medium	soil	rate	is	1.75	pt/A	SureStart	II/TripleFLEX	II.	For	longer	residual	control,	use	up	to	3	pt/A.
•	 SureStart	II/TripleFLEX	II	does	not	contain	atrazine,	so	it	provides	a	non-atrazine	alternative	for	triazine-sensitive	areas.	However,	atrazine,	glyphosate,	2,4-D,	and	other	herbi-

cides can be tank-mixed with SureStart II/TripleFLEX II to broaden the weed control spectrum.
•	 Contains	acetachlor,	so	be	sure	to	follow	acetachlor	use	restrictions	for	soil	type,	organic	matter,	and	depth	to	water	table.
•	 Adequate	soil	moisture	is	required	for	optimum	herbicidal	activity.	If	adequate	soil	moisture	is	not	received	within	7–10	days	after	a	surface-applied	treatment,	a	shallow	

cultivation is recommended.
•	 Observe	the	rotation	restrictions	on	the	label.
•	 Injury	to	corn	has	been	observed	when	cool,	wet	soil	conditions	follow	application.
•	 Apply	soil	insecticides	in	furrow,	a	T-band,	or	a	band.	To	avoid	serious	crop	injury	if	using	OP	insecticides,	apply	in	a	T-band	or	a	band.	Do	not	use	if	Counter	or	Thimet	insecti-

cide was applied. Refer to label for additional restrictions with soil insecticides.
•	 Corn	must	be	planted	at	least	1.5	inches	deep.
•	 Do	not	use	as	a	soil	treatment	in	fields	with	less	than	1.5%	organic	matter	unless	the	risk	of	crop	injury	is	acceptable.	

Table 2.2-8. Comments on preplant or preemergence herbicides for conventional, min-, or no-till corn (continued).

Trade Name1 Common Name
Site of Action 
Number Application Product/A lb ai/A
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Table 2.2-8. Comments on preplant or preemergence herbicides for conventional, min-, or no-till corn (continued).

Trade Name1 Common Name
Site of Action 
Number Application Product/A lb ai/A

Verdict 5.57EC
saflufenacil + 14

EPP or PRE 10–16 fl oz
0.058–0.071

dimethenamid-P 15 0.384–0.615

•	 Verdict	can	be	used	in	a	burndown	program	or	in	a	planned	PRE	followed	by	POST	herbicide	system.	In	a	burndown	program	it	is	best	to	include	glyphosate	and	atrazine	in	
addition to the necessary adjuvants (COC or MSO plus AMS or nitrogen solution) to improve control of emerged weeds including horseweed.

•	 The	medium	soil	texture	rate	is	13	fl	oz/A	and	will	provide	some	initial	residual	weed	control,	but	it	will	likely	need	to	be	followed	by	a	POST		 application	of	glyphosate	(RR-
corn), glufosinate (LL-corn), or conventional herbicides as needed.

•	 The	use	of	Verdict	can	follow	a	burndown	application	of	Sharpen	(1	fl	oz/A).
•	 Do	not	apply	Verdict	to	emerged	corn	or	if	OP	or	carbamate	insecticides	are	being	used.	

Zidua SC 4.17L or
pyroxasulfone 15 EPP or PRE

1.75–6.5 fl oz 0.05–0.21

Zidua 85WDG 1.5–4 oz

•	 Zidua	contains	the	single	active	ingredient	pyroxasulfone.
•	 Zidua	has	annual	grass	activity	similar	to	Dual,	Harness,	Outlook,	Surpass,	etc.,	but	also	provides	good	control	of	several	annual	broadleaves.
•	 Zidua	can	be	applied	preplant	(surface	or	incorporated)	up	to	45	days	before	planting	or	preemergence.
•	 The	typical	use	rate	is	4	fl	oz/A	SC	(2.5	oz	WDG)	on	medium-textured	soils.	Rates	can	be	adjusted	for	soil	type	or	two-pass	application	programs.
•	 Corn	must	be	planted	at	least	1	inch	deep.
•	 Zidua	does	not	control	existing	weeds	and	must	be	activated	by	at	least	0.5	inch	of	rainfall	prior	to	weed	germination;	otherwise,	effectiveness	may	be	reduced.
•	 Zidua	can	be	tank-mixed	with	atrazine	or	other	corn	herbicides	to	broaden	weed	control	spectrum.
•	 Zidua	may	be	applied	in	a	carrier	of	water	(5	gal/A	or	more)	or	liquid	nitrogen	fertilizer	solution	(20	gal/A	or	more).	Also,	it	may	be	impregnated	and	applied	on	certain	dry	bulk	

fertilizers.
•	 Zidua	may	be	applied	early	postemergence,	but	tank-mix	if	weeds	are	emerged.
•	 Zidua	may	be	applied	in	the	fall.
•	 Other	pyroxasulfone-containing	products	include	Anthem	ATZ,	Anthem	Flex,	Anthem	Maxx,	and	Fierce.
•	 Water quality advisory.

1. See Tables 2.1-10 and 2.2-1 for additional formulations or trade names containing some of these same active ingredients.
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(continued)

Management of Glyphosate-
Resistant Horseweed
Many of the horseweed populations in 
the region are resistant to glyphosate, but 
many populations in the region are also 
resistant to the ALS inhibitors (Classic, 
FirstRate, etc.). The most economical 

treatments for control include 2,4-D ester 
at 2 pints per acre applied to small plants 
(less than 3-inch rosettes) to ensure ef-
fective control. Engenia, XtendiMax, and 
FeXapan are also effective options when 
applied to small plants and do not have a 
planting restriction for Xtend soybeans. 
Elevore is also an effective option, but 

it has a 14-day planting restriction. Her-
bicides containing saflufenacil, such as 
Sharpen, will also provide excellent horse-
weed control if applied to small plants. A 
primary goal for horseweed management 
in soybean should be effective control of 
emerged plants prior to planting since 

Table 2.4-1. Soybean herbicides and their restrictions.

Restricted-use pesticides can be purchased and used only by licensed applicators. To become licensed, contact your state’s Department of Agriculture.
 Herbicides with water quality advisory have properties that may result in groundwater or surface water contamination. Do not apply them in areas where soils are permeable 
or coarse and groundwater is near the surface. Practices should be followed to minimize the potential for runoff in groundwater and/or runoff erosion. See the herbicide label for 
specific restrictions.
 Worker reentry is the minimum time between application and reentry into a treated area. If soil-applied products are injected or incorporated at application time, under certain 
circumstances the Worker Protection Standard allows workers to enter the treated area if they will have no contact with anything that has been treated. Personal protective equip-
ment is required for early entry to treated areas if contact with treated soil, plants, or water is involved.

Trade Name1 Common Name
Site of Action  

Number Manufacturer
Restricted-
Use Pesticide

Water Quality  
Advisory

Worker Reentry  
(hours)

2,4-D amine 4S 2,4-D amine 4 several — — 48
2,4-D LVE 4E 2,4-D LVE 4 several — — 12

Afforia 50.8WG flumioxazin + thifensulfuron + 
tribenuron

14/2/2 Corteva — — 12

Aim 2EC carfentrazone ethyl 14 FMC — — 12
Anthem 2.15SE pyroxasulfone + fluthiacet 15/14 FMC — yes 12
Anthem Maxx 4.3SC pyroxasulfone + fluthiacet 15/14 FMC — yes 12
Assure II 0.88E/Targa quizalofop 1 Corteva/Gowan — — 12
Authority Assist 4L sulfentrazone + imazethapyr 14/2 FMC — yes 12
Authority Elite 7E/BroadAxe XC sulfentrazone + S-metolachlor 14/15 FMC/Syngenta — yes 24
Authority First 70DF/Sonic sulfentrazone + cloransulam 14/2 FMC — yes 12
Authority MTZ 45DF sulfentrazone + metribuzin 14/5 FMC yes yes 12
Authority Supreme 4.16SC sulfentrazone + pyroxasulfone 14/15 FMC — yes 12
Authority XL 70WG/Authority 
Maxx 66WG sulfentrazone + chlorimuron 14/2 FMC — yes 12

Basagran 4S bentazon 6 Arysta LifeScience — yes 12
Boundary 6.5EC S-metolachlor + metribuzin 15/5 Syngenta — yes 12
BroadAxe XC/Authority Elite 7E sulfentrazone + S-metolachlor 14/15 Syngenta/FMC — yes 24
Butyrac 200 2E 2,4-DB 4 Bayer CropScience — yes 48
Cadet 0.91EC fluthiacet 14 FMC — yes 12
Canopy 75DF chlorimuron + metribuzin 2/5 Corteva — yes 12
Canopy Blend 58.3DG chlorimuron + metribuzin 2/5 Corteva — yes 12
Canopy EX 29.5WDG chlorimuron + tribenuron 2/2 Corteva — — 12
Clarity 4S dicamba DGA salt 4 BASF — yes 24
Classic 25DF chlorimuron 2 Corteva — — 12
Cobra 2E/Phoenix lactofen 14 Valent — — 12
Command 3ME clomazone 13 FMC — — 12
Dual II Magnum 7.62EC S-metolachlor 15 Syngenta — yes 24
Durango DMA 4S2/Duramax 4S2 glyphosate 9 Corteva — — 4
Elevore 0.572SC halauxifen 4 Corteva — yes 12
Engenia 5S3 dicamba BAPMA salt 4 BASF yes yes 24
Enlist One 3.8SL 2,4-D choline 4 Corteva — — 48
Enlite 48WDG chlorimuron + flumioxazin + 

thifensulfuron
2/14/2 Corteva — — 12

Envive 41.3WDG chlorimuron + flumioxazin + 
thifensulfuron 2/14/2 Corteva — — 12

Extreme 2.17L2 imazethapyr + glyphosate 2/9 BASF — yes 48
FeXapan/XtendiMax 2.9S3 dicamba DGA salt with VaporGrip 4 FMC/Bayer CropScience yes yes 24
Fierce 76WDG pyroxasulfone + flumioxazin 15/14 Valent — yes 12
Fierce XLT 62.41WDG pyroxasulfone + flumioxazin + 

chlorimuron
15/14/2 Valent — yes 12

FirstRate 84WDG cloransulam 2 Corteva — yes 12
Flexstar GT 3.5 2.82L2 fomesafen + glyphosate 14/9 Syngenta — yes 24

(text continued on p. 366)
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Table 2.4-13. Weed sizes for postemergence soybean herbicides (continued).

Broadleaves Am
ar

an
th

, P
al

m
er

/W
at

er
he

m
p

An
od

a,
 S

pu
rre

d

Bu
rc

uc
um

be
r

Co
ck

le
bu

r

Ji
m

so
nw

ee
d

La
m

bs
qu

ar
te

rs

M
or

ni
ng

gl
or

y, 
An

nu
al

Ni
gh

ts
ha

de
, E

as
te

rn
 B

la
ck

 

Pi
gw

ee
d

Ra
gw

ee
d,

 C
om

m
on

 

Ra
gw

ee
d,

 G
ia

nt
 

Si
da

, P
ric

kl
y

Sm
ar

tw
ee

d

Ve
lv

et
le

af

Trade Name (rate/A) Height Range (inches) at Application

Basagran (2 pt) — 4 — ≤10 ≤10 ≤2* — — — ≤3 ≤6 3 ≤10 ≤6

Cadet (0.9 fl oz) ≤4 — ≤3 — ≤2 ≤3* ≤3 ≤2 ≤4 — — — ≤2 ≤36

Classic (0.5 oz) 1–2 — — 2–6 2–4 — 1–2 — 1–2 — — — 1–2 —

Classic (0.66 oz) 1–3 — 2–3* 2–8 2–5 — 1–3 — 1–3 2–3 2–4* — 1–3 2–4

Classic (0.75 oz) 1–4 — 2–6* 2–12 2–6 — 1–4 — 1–4 2–4 2–6 — 1–4 2–6

Cobra (12.5 oz)1 6 lvs 2* 4 lvs 6 lvs 4 lvs — <4 lvs 6 lvs 6 lvs 6 lvs 4 lvs 3 4 lvs* 4 lvs

Engenia (12.8 oz)/ 
XtendiMax (22 oz)2 ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 ≤4 6 2

FirstRate (0.3 oz) — — — <10 <4 — <6 — — <10 <10 — <6 <6

Flexstar GT 3.5  
(3.5 pt) ≤4 4 — ≤4 ≤4 ≤4 ≤3 ≤4 ≤4 ≤4 ≤4 2 ≤4 ≤4

Glyphosate  
(0.75 lb ae)3 4–8 2 4–8 4–8 4–8 3–6 3–6 4–8 4–8 4–8 4–8 2 3–6 4–8

Harmony SG  
(0.125 oz) 2–8 — — 2–6* 2–4* 2–4 — — 2–8 — — — 2–6 2–6

Liberty (22 oz) 3 3 6 6 6 4 6 6 3 6 6 4 6 3

Liberty (29 oz) 4 5 10 14 10 6 8 8 4 10 12 5 14 4

Permit Plus (0.75 oz) ≤6 — ≤3 ≤9 ≤4 ≤4 ≤3 — ≤6 ≤9 ≤3 — ≤6 ≤9

Pursuit 2L (1.44 oz) 1–8 1–2 — 1–8 1–3 1–2* 1–2* 1–3 1–8 1–3* 1–3* — 1–3 1–3

Raptor (5 fl oz) 2–8 — — 2–8 2–6 2–5 2–4 2–5 2–8 2–5* 2–5 4* 2–5 2–8

Reflex (1.25 pt)1 2–6 lvs 2 lvs — 2 lvs 6 lvs 2 lvs 2 lvs 4 lvs 2–6 lvs 4 lvs 4 lvs —* 4 lvs 2 lvs

Resource (6 oz)1 ≤3 lvs3 — — — — 2–3 lvs* — — ≤3 lvs4 ≤4 lvs — 3 — ≤8 lvs

Storm (1.5 pt) 2–3 2 — ≤6 ≤6 ≤2* ≤2 ≤2 2–3 ≤3 ≤6 2 ≤6 ≤2*

Synchrony5 2–8 3* 2–3* 2–8 2–5 2–4 1–3* — 2–8 2–4 2–4* — 2–8 2–8

Ultra Blazer (1.5 pt) ≤4 — — ≤2 ≤6 ≤2 ≤2 ≤2 ≤4 ≤3 — — ≤6 —
 

Note: See Table 2.1-10 (generics table) for additional herbicides that contain these active ingredients and Table 2.1-8 (glyphosate table) for information on glyphosate formulations.

*  Suppression only; additional control measures may be necessary.
1. Labels refer to weed size by number of leaves (lvs).
2. For use on dicamba-resistant (Xtend) soybean varieties only.
3. For use on glyphosate-resistant soybean varieties only.
4. Smooth pigweed control only.
5. For use on STS, Bolt, or non-STS varieties; use lower rate on non-STS soybeans.

Table 2.4-13. Weed sizes for postemergence soybean herbicides (continued).
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head grass, etc., and taking appropriate 
steps is recommended to prevent their 
spread. Perennial grasses such as John-
songrass may be controlled by applying a 
glyphosate product as a spot application 
(to provide 2 lb ae/A) or by applying 
glyphosate using a weed-wiper (solution 
strength vary with equipment; approxi-
mate 5 percent strength is required for 
rotary weed wiper and 1:3 ratio with water 
required for rope and other types of wip-
ers). Late summer is a good time to apply 
so that the treated parts of the field can 
be reseeded in the fall. For controlling 
annual grasses such as Japanese stiltgrass, 
joint-head grass, foxtails, barnyard grass, 
etc., application of a preemergence her-
bicide may be considered. In established 
pastures and hayfields, pendimethalin 
(Prowl H2O) is effective to control most 
annual weedy grasses when applied prior 
to weed germination. Split application is 
recommended in hayfields (spring appli-
cation followed by application after first 
cut). Quinclorac (Facet L) is also effective 
to control certain annual grasses such 
as foxtails. For more information, go to 
pubs.ext.vt.edu/content/dam/pubs_ext_
vt_edu/spes/spes-28/SPES-28.pdf.

Poisonous Weeds
Health effects ranging from none to sick-
ness or occasional death can occur when 
grazing animals contact or consume toxic 
plants. To protect animals, it is important 
to be aware of how toxic plant poison-
ing occurs commonly. Toxicity is usually 
derived from certain compounds synthe-
sized by the plant to deter pests, to toler-
ate extreme soil or other environmental 
conditions, etc. The toxic potential (the 
ability to cause detrimental effects) of a 
given weed on a given day is dependent 
on many factors, including the species, 
age, reproductive status, size, or health 
of animal consuming it; the plant part, 
growth stage, condition, and amount 
of the plant consumed; and the season 
or environmental conditions when con-
sumed. Discrepancies on poisonous attri-
butes of weeds noted by different sources 
may be attributed to these variables. Since 
most of the poisonous substances emit a 
repulsive odor or are inherently distaste-
ful, the animals typically stay away from 
plants or plant parts that are poisonous. 
This is especially true if other more de-
sirable forage species are available. Oc-
casional cases of poisoning, however, do 
occur when the stand of desirable species 
is significantly lower than the harmful 

plants, when extreme weather conditions 
such as drought occur, with excessive soil 
fertility, when livestock are contained for 
extended periods where poisonous plants 
are prevalent, or when accidental inges-
tion is followed by lactation and subse-
quent poisoning of the offspring. Lastly, 
poisonous weeds are known to affect 
forage and hay quality as noted above.

With some weeds, the toxic compound 
remains in harvested hay or silage (poison 
hemlock), while in others it is reduced 
(hairy vetch) or eliminated (buttercup). 
Some tree leaves are more toxic after wilt-
ing (red maple, wild cherry). Some toxic 
compounds occur naturally in plants, 
while others are released by fungi (fungal 
endophytes) growing in association with a 
living host forage plant (tall fescue toxico-
sis, ryegrass staggers, red clover slobbers); 
by fungi in molded hay or clippings (afla-
toxin, botulism, sweet clover poisoning); 
or by undesirable bacteria in silage (liste-
riosis). Applications of some herbicides 
may increase the palatability of certain 
poisonous plants. Blister beetle poisoning 
in horses results from consuming a toxin 
in dead beetles that are bailed into alfalfa 
hay. Certain weeds such as wild garlic or 
wild onion, while not toxic, may impart a 
disagreeable flavor to the milk of lactating 
animals.

About 200 to 300 plant species have 
been listed as poisonous to animals. 
While a complete list of poisonous plants 
is beyond the scope of this publication, 
below is a sampling of plant families and 
species with toxic potential:
•	 Beech	family:	oak	species

•	 Boxwood	family	(highly	toxic):	box-
wood, pachysandra

•	 Buckwheat	family:	buckwheat,	dock	
species, rhubarb

•	 Buttercup	family:	buttercup	species,	
baneberry, larkspur species

•	 Heath	family	(highly	toxic):	azalea,	
rhododendron, mountain laurel

•	 Legume	family:	black	locust,	crown	or	
hairy vetch, golden chain tree, lupine 
species, pea species, alsike clover, sweet 
clover, red and white clover

•	 Lily	family:	autumn	crocus,	lily-of-the-
valley, Star-of-Bethlehem, hyacinth 
species, skunk cabbage, onion and 
garlic (both wild and cultivated), tulip, 
asparagus

•	 Maple	family:	red	maple

•	 Nightshade	family:	nightshade	species,	

jimsonweed, ground cherry, horse-
nettle, tomato, potato

•	 Rose	family:	wild	black	cherry,	choke-
cherry

•	 Yew	family	(highly	toxic):	English	or	
American yew

•	 Other	species:	black	walnut	(shavings	
used as bedding), bleeding heart, 
bouncing bet, bracken fern, burning 
bush, cocklebur, dogbane species, 
foxglove, ground-ivy, hemp dogbane, 
horse chestnut species, horsetail, John-
songrass, milkweed species, oleander, 
pigweed (amaranthus species), poison 
hemlock, pokeweed, privet, ryegrass 
species, shattercane, St. Johnswort, tall 
fescue, water hemlock species, white 
snakeroot, and others 

Toxic weed consumption most often 
occurs when animals are undernourished, 
they are introduced to new grazing areas, 
toxic plants are fed directly to them, or 
they escape enclosures and feed on toxic 
plants. It can also occur when the forage 
provided is not suitable for the species or 
grazed at the wrong growth stage (prus-
sic acid poisoning), while experiencing 
environmental stress (nitrate poisoning), 
or during rapid growth with imbalanced 
fertility (grass tetany). In addition, oth-
erwise suitable feed, hay, or forage can 
have toxic effects when animals are transi-
tioned to the new source too quickly.

Provide grazing animals with adequate 
pasture to meet their nutrient and en-
ergy requirements or supplement their 
diets with a balanced ration to reduce 
the chance that they will consume toxic 
plants. Make gradual transitions to new 
food sources. Be aware of environmental, 
seasonal, and fertility conditions that 
may cause forages to accumulate toxic 
compounds and test if necessary. Scout 
for toxic plants (inside and outside the 
fence), implement good forage and weed 
management practices, spray for weed 
control when needed, wait after herbicide 
treatment until plants are no longer palat-
able, and remove dangerous plants from 
your property. Minimize the potential for 
accidental introductions of toxic plants 
via downed tree limbs, yard cuttings (es-
pecially ornamentals), or others feeding 
your animals. Provide animals with safe 
bedding materials.

If you suspect plant poisoning has 
occurred, call a veterinarian immedi-
ately. Remove all animals from the area. 
Identify the suspected plants. Remove 
accidentally introduced plant material 

http://pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/spes/spes-28/SPES-28.pdf
http://pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/spes/spes-28/SPES-28.pdf
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(text continued on p.454)

(continued)

or eradicate toxic plant species by hand-
weeding, herbicide applications, pasture 
renovation, or other recommended prac-
tices. Monitor the grazing area over time 
to ensure the toxic species has been eradi-
cated. Remove animals from herbicide-
treated infestations of toxic plant species 
until dead and unpalatable, as herbicide 
treatment may increase palatability.

Discussion of toxic ingredients within 
plants, their specific effects on graz-
ing animals, or toxic dosages (amount 
required to cause toxicity symptoms) is 

beyond the scope of this publication. 
More information can be found in the 
following sources:
•	 Burrows,	G.	E.,	and	R.	J.	Tyrl,	Handbook 

of Toxic Plants of North America (Oxford: 
Blackwell Publishing, 2006)

•	 Colorado	State	University	Veterinary	
Internal Medicine: southcampus 
.colostate.edu/poisonous_plants/ 
index.cfm

•	 Cornell	University	Animal	Science:	
www.ansci.cornell.edu/plants/index 
.html

•	 Knight,	A.	P.,	and	R.	G.	Walter,	A Guide 
to Plant Poisoning of Animals in North 
America (Wyoming: Teton NewMedia, 
2001)

•	 Nova	Scotia	Museum,	The	Poison-
ous Patch: museum.gov.ns.ca/
poison/?section=species&id=111

•	 University	of	Pennsylvania	Veterinary	
Medicine: research.vet.upenn.edu/
Home/tabid/5849/Default.aspx

Table 2.6-1. Forage and pasture herbicides and their restrictions.

Trade Name1 Common Name

Site of  
Action 
Number Manufacturer Crop

Restricted-Use 
Pesticide2

Water Quality 
Advisory3

Worker Reentry4 
(hours)

2,4-D amine or ester 
(3.8 lb ae/gal)

2,4-D 4 several grass — yes 48 or 12

Aim 2EC carfentrazone 14 FMC grass and legume — — 12

Balan 60DF benefin 3 Loveland legume — — 12

Butyrac 200 2E 2,4-DB 4 several legume — yes 48

Chaparral 71.6WG aminopyralid + 
metsulfuron

4/2 Corteva grass — yes 48

Chateau 51WDG flumioxazin 14 Valent alfalfa — — 12

Cimarron Max (co-pack)
metsulfuron + 
2,4-D + dicamba

2/4/4 Bayer CropScience grass — — 48

Cimarron Plus 63WDG
metsulfuron + 
chlorsulfuron

2/2 Bayer CropScience grass — — 4

Clarity/Banvel 4S dicamba (DGA/DMA) 4 BASF/Arysta LifeScience grass — yes 24

Crossbow 3L 2,4-D + triclopyr 4/4 several grass — yes until dry

Curtail 2.38L clopyralid + 2,4-D 4/4 Corteva grass — yes 4

Engenia dicamba (BAPMA) 4 BASF grass yes yes 24

Eptam 7E/20G EPTC 8 Gowan legume — — 12

Escort XP 60DF metsulfuron 2 Bayer CropScience grass — — 4

Facet 1.5L quinclorac 4 BASF grass — yes 12

FeXapan dicamba (DGA plus 
VaporGrip)

4 Corteva grass — yes 24

Freelexx 3.7SL 2,4-D (choline) 4 Corteva grass — yes 48

Gramoxone SL 2S paraquat 22 Syngenta legume yes — 12

GrazonNext HL 3.74E aminopyralid + 2,4-D 4/4 Corteva grass — yes 48

Grazon P+D 2.54SL picloram +2,4-D 4/4 Corteva grass yes yes 48

Huskie 2.06EC5 pyrasulfotole +
bromoxynil

27/6 Bayer CropScience grass — yes 24

Kerb 50W pronamide 3 Corteva legume yes — 24

Maestro 2E (Buctril) bromoxynil 6 Nufarm legume — — 24

MCPA amine or 
ester (3.7 lb ae/gal)

MCPA 4 several grass and legume — yes 48 or 12

Metribuzin 75DF/4L metribuzin 5 several legume — yes 12

Metsulfuron 60WG metsulfuron 2 several grass — — 4

http://southcampus.colostate.edu/poisonous_plants/ index.cfm
http://southcampus.colostate.edu/poisonous_plants/ index.cfm
http://southcampus.colostate.edu/poisonous_plants/ index.cfm
http://ansci.cornell.edu/plants/index.html
http://ansci.cornell.edu/plants/index.html
http://museum.gov.ns.ca/poison/?section=species&id=111
http://museum.gov.ns.ca/poison/?section=species&id=111
http://research.vet.upenn.edu/Home/tabid/5849/Default.aspx
http://research.vet.upenn.edu/Home/tabid/5849/Default.aspx
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injury can occur during any cutting when 
leafhopper pressure is high. In some situ-
ations, it still may pay to apply an insecti-
cide for the pest. During the new seeding 
year, it would be best to continue to use 
the regular thresholds-resistant alfalfa. 
Following the first year, the thresholds 
can be tripled to three times the normal 
thresholds (see next section).

The economics of using these varieties 
is improving each year, as the percentage 
of plants expressing the glandular hairs 
increases, and other agronomic charac-
teristics of the plant improve. This tech-
nology is a good alternative for farmers 
who typically do not treat for leafhopper 
or who would like to organically produce 
the crop. It should be recognized that this 
technology does not provide protection 
against alfalfa weevil or other alfalfa pests.

Alfalfa—Established Stands
Management of forage insect pests is 
aimed primarily at the alfalfa weevil and 
the potato leafhopper in alfalfa. Other 
insect pests of forages are minor in com-
parison and must be dealt with on a 
field-by-field basis. Economic injury levels 
for the potato leafhopper and the alfalfa 
weevil are fairly well established. The eco-
nomic injury level is the value of crop loss 
caused by the pests that is equal to the cost 
of a spray application. Thus, unless the 
value for the crop loss caused by the pests 
exceeds the cost of controlling them, it is 
not profitable to spray. On the other hand, 
some insect losses can be avoided if a spray 
is applied at the proper time.

A good pest management program 
requires proper identification of the pest 
species causing crop injury, and deter-
mination if the economic threshold has 

been exceeded. How can you determine 
if and when a spray application will be 
profitable? Get a copy of the publication 
A Pest Management Program for Alfalfa in 
Pennsylvania from your local extension 
office. This publication will aid you in 
deciding when it is profitable to control 
potato leafhopper and alfalfa weevil. Pest 
identification requires knowing when and 
what to look for in the field. Figure 2.6-1 
shows the key periods of forage insect oc-
currence in Pennsylvania.

Alfalfa blotch leafminer can be found in 
practically all alfalfa fields in the state; 
however, damage always looks worse than 
it actually is. The second cutting usually 
is most severely infested. Control may be 
justifiable if 30 percent or more of the 
leaflets have a mine present.

The adult fly is about 0.13 inch long 
and resembles a common housefly. The 
larvae (maggots) are pale-yellow, soft-
bodied, shortened, and thickened. At 
least three generations per year occur in 
Pennsylvania. Adult females emerge in 
the spring, cut shallow holes through the 
lower leaf surface, and deposit eggs under 
the leaf epidermis. A female lays one to 
three eggs per leaflet. To feed, the female 
cuts a hole in the leaf with her ovipositor 
and laps up exposed sap and tissue, form-
ing conspicuous pinholes in the leaves. 
After the eggs hatch, the larvae tunnel 
within the leaf, feeding on leaf tissue. The 
larval stage lasts approximately two weeks. 
Larval mining causes conspicuous white 
blotches on the leaflets, which typically 
are comma shaped. Blotches and punc-
tures can cause deterioration of foliage 
quality, loss of photosynthetic area, and 
defoliation.

INSECTS
Alfalfa—New Seeding
Potato leafhoppers are the most destruc-
tive insect pest species on new seedings of 
alfalfa in the state. Stress to alfalfa seed-
lings caused by this pest species can affect 
the vigor and later performance of the 
plants and can influence stand longevity. 
To obtain optimum stands, yields, and 
quality, it is essential to use sound control 
measures for potato leafhopper on new 
seedings.

In most years, leafhopper populations 
are high enough in some fields to cause 
appreciable losses to newly established 
stands. Two methods of reducing this 
damage exist, seeding glandular-haired, 
potato-leafhopper-resistant alfalfa variet-
ies and monitoring leafhopper popula-
tions by periodic sweeping followed by 
insecticide applications if counts exceed 
the economic threshold.

When alfalfa is typically seeded in 
spring, there are no insect pest species 
that influence yield, with the possible ex-
ception of cutworms. Clover root curculio 
do not lay eggs in spring-seeded alfalfa, 
because they already have moved into 
established stands when new seedings are 
seeded. The same is true for alfalfa weevil, 
which migrate into established stands 
to lay their eggs in late March and early 
April. Regrowth after the first cut must 
be monitored closely for insects, starting 
when the regrowth is 2 to 3 inches tall. 
See Tables 2.6-20 and 2.6-21 for materials 
and rates.

Currently, malathion is the only control 
method for potato leafhoppers on seedling 
alfalfa established in spring grains such 
as oats. This compound has a very short 
residual, however, and application requires 
driving over the alfalfa and small grain.

Glandular-haired potato leafhopper–re-
sistant alfalfa is a newer pest management 
tool for farmers. This technology provides 
season-long protection against the pest. 
These varieties provide resistance through 
glandular hairs, which produce a sticky 
substance that prevents the nymphs from 
feeding and may contain a toxin. Expres-
sion of these hairs, however, is increased 
after the first cutting. It also should be 
noted that not all plants express the 
glandular hairs. In the newest varieties, 
approximately 70 to 80 percent of plants 
have the hairs. The remaining plants are 
still susceptible to injury. Therefore, al-
though the first cutting of a new seeding 
is most susceptible to injury, some crop 
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Figure 2.6-1. Key periods of forage insect pests in Pennsylvania.
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PReCAutioNs oN PestiCide use

■  Use of restricted pesticides requires  
certification.

■  Use pesticides only when necessary.

■  Use pesticides only at the 
recommended dosages and timing to 
keep residues on crops and animals 
within the limits set by law.

■  Avoid spray or dust drift to other crops 
and bee yards.

■  Cover food and water containers in 
livestock areas.

■  Read the label and follow safety 
precautions listed.

■  Maintain a pesticide use record and 
inventory. Wear protective masks and 
clothing if so directed on label.

■  Avoid inhaling pesticides.

■  Never eat or smoke while spraying or  
dusting.

■  Avoid spilling spray materials on 
skin and clothing. If spilled, wash off 
immediately with soap and water.

■  Wash hands and face and change to 
clean clothing after spraying or dusting. 
Wash spray clothing after each day’s 
use.

■  Store pesticides in original containers 
and out of reach of children, pets, and 
livestock, and away from food and feed; 
keep in a locked storeroom or cabinet 
marked “Pesticides—Keep Out!”

■  Dispose of empty containers so that 
they are no longer a hazard to people, 
especially to children and animals.

■  Do not contaminate streams, ponds, 
and water sources or endanger wildlife.

■  If poisoning symptoms develop from 
pesticides, medicines, or any other 
poison source, show your physician 
a label of the material involved. He 
or she can phone one of the Poison 
Control Centers for complete treatment 
information.

■  Before using any pesticide, read the  
directions.

■  The National Poison Center Hotline 
number is listed on the outside back cover.
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